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'^t5rrcfr?[ 3R ^C5f ^^t'S ^sTs ^-'i’c^ i 

'ill‘2t»ffe -ijtfS^K^^ 

fwr^ ^t^ti:&' i ^rc-f?[ 
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^ <2mc?RT ^fi^f cFf^n ^i 

^ ^ I CTO—'Sftsr ^^rtf? I ^5rw?[ fefef?r 

fiW ^ ^rl I CWT,—^ (?*t^«Tl (Algae), sf^f (Moss) 
I c^ ftw ^ ^ffJf’tc^ ^ c^ Tpp^r 

^fef?r ^fw ^ ^ I lii^sT ^f%c^?r 

(classification) f?C^f^;— 

I 

_^l . . .1 

^KfW (Phanerogams) 'spftw (Cryptogams) 


(Angiosperm) (Gymnosiierni) 

I_!_( ) 

(Monocotyledon) (Dicotyledon) 

(^H^) _ J 

(^, bwn) (s;^) (¥K) 


>8 





^ ^ .liR? f^ «?rrc^ i 

3FC^ ^ ^ ^51 '*I^‘?{1?1 

<ift«r5^i iii^ flw ^?[ I ^*ii^car%i^w 

<si^ C2f% ^ ^ 
ff^ c^ri^ I 'srmi 

^ifl^ C?f^ I 'Slt^ 

^ ^ ’Tf^tOT C?t 

^ilzm it^1 tSTff^ ^t'4 ifit 5 

5nrtft ^ I "^tcsT ^ ^tri?[ c^ 


^JTC<6^ lt^1 



<jS /si • ^ /sj 





^srt^ PtW ^ 15 c^tfe 

<Tl^ ^ I ^ ^ ^ ^ I 

srt^ I ^ <4^ c«r% '=(flw ¥km ft^> ’tN 
>9 ^ C*f11 w 'Q ftw ^ I '®W^1 I 

^ ^r® fgj #N:^t cq <?f’«t, 

ofi, sitfe 

■*^fe5r ®tir< 5T^t^ 1^ I Ft^rt^ 

^ 'Q >9 ^ 51^ "Trt^r® 

I ®t^tc^ <n:^ I f ®i ^stic^r ^ 

ara ist*-^® ^<^<5, c^frfe I C¥l^-fCsi?r 

^9 ^1^'9 C^ltro, tslwf’lf® 

tSTf f® ^srff^n I #1^-1®^ ^PPT 

a]^ ^6T ^C® ^t?f '9 "Sft^ 

TO I ''®rr^ ^ttf-prf^^ :nc«p 

^®1®yita felTO ^fwl ^ I 

^¥1 cwt^ '9 ®iiT ®1i[1i::if^ ^rW:^ w^ 
''t^-(?fTO «Ttf^ ^ I TOT 

3TC<fJ flw TOT '9 TOT ^ I 

wr 'S ft^ TOT I (Tit ^ ^51 

(3rT1^1 ’tt^ TOiT I §f®OT #t^-l?fW I 

^f^5Tt^, ^C® '^f®-C^TO ’?t‘1»T ^ftRt?T 

^fe-1®9f 511^^ TOT I ^5ff^t?*t f 5T^ I 

^fe-l®?r ^ sri, ^ '« ^'S 

sr^ ^ I ^ 

^ TO ^’pf^ I 



8 


ft®t 5 r-^c»rf 55 n 

«r^«rr»i1 . 

(^^ ^ 
(^) ^iftW'Q 

{ '0 ) feflOT ^<=rl I 



^Itc^ ^-epSRF 


c^stwl c^tror Tf’tto 'Q ^tfl^ 'srfrf a 
OfPlC.'®^, ^l^Rt'Sl Rf ^PtC^s “^(t^ ? 0(^ 


c^taiim cvfc^.^-ts^cpr,—^^, <11, w,Tr<«tl 



f1>l^ 


I (?T^<1 9ttc^ (TOF^ ^ 
<21^,--^, <lar I 

f^ail5t?i1 ^ fe<111wl 

<lft^ ^ I cjf^j ^rtfei (?r 

a '5i?*[ ^©w^ sTt^i ^t'a 5 Tir^ 
c^m ^t«1 ^rtwl^ ^i%Ri i 
^ W ^ 


l^r <o, <itf%r5T '©w^ ^?itfwi c^ 

^ir%l ^ =n, ^ <lTPnrl ^ ^sWr ^ ^ i 

ft'sr i ft'^ <iTf%^ ^ '« ftw ^rtfe ’ic^ i 





t 




•ffspf ft%»i tswcjf 'snr-<2i^ iwi ipr, ^ 

>Q I ’1C? '5t?lTO ’Pf'IC?, ?;»f ’Trt^CSr ^ '9 >FCSJ? 

f^ftw llc^i 

«W?rt9ri 


(i) ’ttc?? ft' ?si ? 

(%) ?ftc^ ^ « ?'1’8 ’Hr? ? 




?rtu?j ^ ^ c^ ^Ti^r i vfi?F^l 

CltSfl I ^ C^ ^tlfesT ^>3 ^ ^ I 

^ wt^ c?f«nr5 I ^ Tf^t ^ 


(hiluni) I 

<2lfN-5rrfe[ ^ 

tfit ?r'4 

(embryo) 

^ Tr% ^ I fw^- 

(micropyle) I 

C5t^?r c^ cwi 

cmtC^ Cik\ (testa) I 

I 



c^t^mr ^ 3 %«nr 3 
ftc«nr c^w 


C’fW^ c^rW^ 

c^rms fw % I 





<b 


fwfsRte m, ^ ^ c^ i ^?i m fe ^ c^ 
^ ^ I ^ ^ ^ ^rww cwt^ I 

c^tc^ C5f*i, 'ii^ ^ ^ ^ 

c^rw-irw a c’TNf f% WH ? 

^Tf^ Fin ^ I Pf’^-^fiS? (embryo) ^ I C^st^ 

cq^ (?i c^fPn:^, ^ ^*11 

c2t^, ^<?n—^fen! ^<sr®tM ti 3ii«i-^ 

(radicle), ^ 3 R«l-^t'® 

(plumule), ^ ^ C^ ^ ^ ?tafW 9 ( 

(cotyledon) I ' ^ ^ 'Q 



fHc^ irt ‘» 


wuni Pf^,c^, 

isTff^ flw'« f^ c^f^sn ftcw^ 
31^, c^ ^ c^- 

i?W Pt«'fef%^ ’^ttc^l 

^ I "arfsRrl (TT 


tr^, ^ (7T^ <?I^ C^ 
Pr«-^fe?f, %f-<^l PtOT fkai TTtoRi 


^iStft-^ VQ •5l?t-Tt^ I ’PR 

%5? ^ flWT ^117?1^, (TI^WiT ftWC^ 

ttW^ ^ I 

c^ ftw ^«i ^ »ii^ ^1r!p, 

5|t^ ^ I csz^^ ^ C#t^ fl«f 5Wt^ 





»(fN ’Rf I ON (NW ^ (?), Nfit (NW? 

m?i "Tn (sf) I <a^ >1171 »(tt^ wrtw>iw cB?ii 

0 

. (’I) I ffer m ftnl 
(OTI ^ I c«r^, 

OTI ^1 c^-N 

^ (5) 

\8 ^tft^ (^t) I ^ 
vQ c'Sfic'?? '®rc‘'1'^i 

. -^ 51^ \8 ^sfi ftw-'^sr (^) I OTi 

^ ^*1 I v<|^ ^*1 ^ ^N*tfe 

^ I c#t tSTff^ %w ’Tt^ ®ltc^ I ^ 

<2rff% fw ^ ^ ^ 

(albuminous) ^«fr^ flCW 
^rfe^r ^ ’ttr^, (^) (exalbuminous) 


C'SWl^af 

Clt^ 


c^snral ^ 

9|irt9if^(OTl 


^5T^nr^ ffw I ^m*P\ to c^stwl c^r 

^©t^srftu^ c^l, c^ *ri^ ’^itQ 


<rt^( ftf^ ^1 

<21^ I ^ 

c^«i i ^riro 

Tl ^*1, TOl ^N*f ^1 t>^t>4^ ^*1 

^1% ’Tfwl PiPrs, ^rtif ftw-‘^3’ 

C^nf, «il^ flW-^aCT ^1 Wt*J (scutellum) ^ I 



V 




<sifRcl?l TO! I «(tr5??r 

=11 I ^|l, =rt%^^, 

f%?ii, ^rwi, ^ <21^1% ^?[ ^- 

f‘fl^^rtur flw‘‘*i3i- i <iH 

^ (2l^f% flwi^ v£l^W9f-ftW ^ ^ 

^*^(1 

^ ca(%^ C33% fti'^ 

'®r<f?r ftr®? fl^-'^inr i ’rr^-‘*ii5it 
^^tOT fl*^ C3s[%:^ j 

Km »mmm ^'' 1 » »«i=*w»i-ft'» (Monocotyledon) 'Q 



(Dicotyledon; I ^sifC^TC^Tsf ^im 

sitfer miTF I c^ c^t=T ^rtfe 

fefegl Tti^Q cwt^ (?ftl I «2t’?f=i ^ti:^ 

(liypogoal) 


(epigeal) ^5i^?rtTO[ ^ I 

^T:m "sifc^it^isi <2t^t?3i?r i 

flc^ v^«t—^f%?rrf| ft«r ^ r 

=itfe c^fel ^ ^ f??rf 

f^'0r1^%l1 ^ I <1^ C5ff^, ^ fl^ ^l 

^ ^ l^tCf I ^=T 

(?i^, ^t%l flOTsi 'srrf^tc^ I '®rRre 

^ v£|^rf^ 9[C^ csff^, ’otft-^ =rtft^ f^CT ^ ^ Wr 

'^KJ ^ ^-ThQ ^?rl felk^t 



Fm^rr^ ^ssT I ^ ^ 

’^iPl^l ^ TtTQ ’It^ C?f^ m I 

^•ftr ^«r ^tf^i 

WW f¥ WWhr ? C^otwl ‘il^'^Ra f%« %3T, ^ 

I w f% ? I 'srf^ ^n 

c^ ^ =11, ^ri Pt«-fef%5f ^ ^ 

^ ^rl, ^n ^ ;^«r« ^ i ft^- 

fefef?[ ^srf^ f% 'Q (71^ ^ ? 

^2^ ftcw ^rli?r ^ 'sr^s^ flw^icar 'srt^ 

I »ii^ a, f%^-fefi?f 

^n I 5[<!,^ Ftfesr "srWuf^ ’rtw, 
^11 ^5t^ 1 (71^^ ftTOl fo^l7[ 

W(7T^ ^ ^n Fl^ 

^ ^5T^ <ttT7l ^ I «lt^ ^ f 

ili<^ «ff?Rt^ ^ 'Q W ^’SPF f 

3Tr^C^ ^Tf«f WT ^ '« 

Ttr:^ I 'srM ^Q ^ ism^ ^t«f ^ <1tftr, f¥? 

^6=^ <itft«f life's ^11 
Thi^, >Q W9(—c*f’^r Ft%i Fft^i 

TO ^%1 ^ c^^«i ^ I 

^ ^ '^5^, ^rtfc© ^!i#T ^ 's 

festal ^iW?7iT ^5^ ^ 'Q ^5^ ’^^ri fN ww i 

>8 ^ %cm Pf«-fe%f ^ flcw?r 

^ ^ ^n I c!|t^ 'ot^ at^*i ^Ric^, ^tcl 



f5rastS[-'a||C»llbHl 


^ ? sn, ^5(f?pp ^ I 

fri c^ fwf^ ^tPicsra ^ i ^. 

^rrfe a Tffe^ Tr^<2rc^»f ^^# 7 ® ^ 

c^ c*!1^, ^ ^ ^rl 1 "srhi'a oc^, ftw 

ot^l*! ^fwl ^rtfe fsfc^ ^ I ftw ^ ^ 

'Q "^Tk^iln ^ '®ftC^k^ '?l^ 

fN ^ ^ • 

( ^ ) C’ttfel C^Wil <£t^JT 'Q ^t^5t ^ ^ I 
^1 

riAr 

(®) ^s^rt^r '8 kfkt^ ftw ? ^^*1 ^ 1 

( 8 ) vfl^TfST-ft'W ^ ^«rt^*l ?t'Q I 

(ft) ^feu5 fi**? 'Sffc^riw ^ 1 ^5i^cirt*Mror 
^1 ? 

(»!») FTfhn ?tw ^fe ttW ot ct^t ? 



C?t^ ^ ’RSt? ^ I fectm <2ft?I 
•^®t ^ '8 *r^5l '®rtrf i ^'ttr Ptw sicst i ^Ftrsn 

5pr5 stl^ ■ef® '9 I '8 f® 5^51, C?t^ ’FtSCT 

®*1^^i ^Hl,'=rt^’tt!:55'9l%«’(^'5ttrt?i®*t^ I 

jjpra 'srt’Ftit stW (sm? I csfj, ftsr, c^r^Tl, ^^wl, 

5Tal '8 c^t^ =n *rt!?ra sfirl ^ntferl ’ift’H ^i 
csrj '2r?f%?i (?iW3tc^ ’itis?! sic^ ^ 



CS(?pt?fil «Wts< C*flt«f ’Ttni fl!5 

C^ 5Ftra?I^ ffCB? 'SR«tl ’ll 3R?I *tt^ 

<5t®I FTf?«rli:!t !S?5lt5l ’W I C«t!rItW!I C’fN 

4^ c’tt?! 'st’Ti ^tfef 5(C'rr5'?f^ 





>wf5 5j?t %5?( srtpt Jrt^, 

< 2 t«ftir ^ '8 »tKl *rtir 

5(11 (?r5 «C5i^ sRi ^?ir!F aurtsr ^ (tap-root) <iPR 



isii ^iisra ’Hsi’pt 

(ftSpRRR) (’FfsOTWj • (i?tf*1«W) 


C’W^'S C’lStTO TO ■sITC^il ’PC’F (fibrous root) 

^ I C’lW, CSTN efffel 

^ i2Mt5( :5?Rr I rijlTO ’Wt< <?rttT 

c^l^ef® 5ITOI ^ TOf I 

'Itsi’I’t '9 ^tt«IC?ra cstfti 

(fusiform), (napiform) >8 

(conical) I 

«ft!t, 'STM, C*WW, TOg^ iSl^ ^ 'SBf ^SRT 

^5(1(1 I 'srt’t, wt5r, #1^, 'snw <£rff% ’Itt^ <2t<it5( ^ 

■I'I’t <TO »lt'«n <2HT«I1 ^ ^ 55'C5( ifl^S (atfel ^ 

.':^, c»tt^ '2t«rt5i« »iMnc®Rr «tt®T ^rfs sri i 





>8 




(TFi^ «n75? ^rit, ^ «2r^i^ ^ i 



*rwir f^s^tsmi «rTrt^ ^ ml 

«ii^fe mP^ ^ 

^ (?f^ I *s\f^ Tjcm ^ 



\«f 'e wef[ 

^rm ^1 ^siarM 

^I^3rt*l (root cap) ^ I 

^rtfe 03? ^?t?i ^?r wl I ^ 




c*f^1 Ttiri viit;5[^a[ti:«m 
c^»t c?«(1 I 

(root-hair) ^^Tl I^IT I ^STC^-fC^^ 

srtfe ^kz^ cMN*i ^z^ ( ^8»r fear m ) i 

(Orchid) ^t^ft?l ^feff'sl 535 

\8 ^;s5p ^»Rr-'^'s^ '« ®irc^; 





-Ttfe?! vSt^tCffiT C^t^r« >l"n# -itt I 
'5ft^?ic«i 5t^i c>i, fefitf 

'^tn^T ’^fes ^tr?i i aii’i tf%wz'^ 



f^?0r*T-'5rrc^t5-Ti^ 

% 

(epiphyte) I 'Slt?!?! ^ 

^»I I <2WS 'stf^B JTP^ttE? WCT, 

.’tWt *it5r?it*Rli ’ttn'Ti istffe 5ft€l5 

cn >1^*1 'ttr?, fjt 

(aerial roots) ^ol1 I 


'«fs ^tf^-?ii ^fertc^ c*f«ii I kw\ ^5 i 

C^tt^l 5jtfe 

(clinihioff root) I 

C^P]^] "sltCSTt^-^Ti C^R?11 «ftf%(:'^ I ^l9l -ir-Tl 





«rtc 5 ft^^i si 

'^r,^ I 


c?f^/:<, ^^1 ^fcsr tt?:-! 

5(5t 

c’ft'*! I ^ c^f si ^?r ^t^?r- 

^C<I| ^ 51S1 

Siffe (i =1(I?I 

■^'c^ *111 *511^?:^ ^?r- 

(pili’asite) 

^f?i?ri ^tir I >ir*ff'i«i 


nrstii s 

511, C^9f€r <1t9l ^S'Q 

5Tc^, ?ii I ^f3j ^TfP^ ''irc^ 

CCt^ i^tHfi N0 sTt^r^ ^r^ii's 





^ (?f^ ^ I ^ ^ C*fRfC^ 

^t'Sirl ^ I tctiw '^rtci's c*T^ vft^ >yfw, ^*1 

trf^WCTO (TT^'^srepitc^ 

^3!r ^arf^ ^finrl 
few TTi, 

"TO I 

^ fwsiwtt 

. 03!r%i[^ I 

'®rt^'8 *c?^, ^^twt 

^ I 5if*»fi >8 iirt3i¥tc5r ^t^n? 
c^ jpFs^ ^fe:^ c’fr^i'^si 

^1%^ cffRic^, ''^u{^ ?ti7:^?r 

C'4W^ '8 ^^TC5T, ifr^T 

I 3Trf& ^*f^?ii c?«[, c?i ^tti^ ^C5i<i % (21^^ 

'^^1 c^'^=T -nni^^r ^c^r 

c’ft^i I ^'8 tsr^iir i h-'sitf-^ 

WfC^tCWf^ (Orobanche) I ^1 '®t^^ «2f^fi 

'8 -i *511^51? ^ I ^trw^ 

c^[% ns c^'^s? s^fen i 

cw^t?r c^jtc^ ^i 

C?t^ Of^-( I 

cstwl ^rtrvs?! cwferr^ («2i<?f5[ feir) i ^51 

^61-Tt^, C»Tr^ (Sfsfe WCW I 

^ I iTt^ W?H, n5l-C^n, 




•>\r f^5i-'^tt»rf65r 

I 

c’tt^ »wtc<it «ttrf <9 CJit >W5t 

"sit^ Jt;a5 ’ra i >4^ ^,r*F ^?t?rfeOT vf*H3i1- 

( saprophyte ) 

t^?ri ^m\ m i 
<2rfc^ c^T^ ^1 
coMl'^iw I 

c^jt^m^, 

^tr .*lt^ «2|^f^ i 

I '« ^m-pt^a^r I "srrcsrr^srsl, 

^ I ^ c^tfe I 

Ft^ C't^^ 51^1 

fe’ttfenl C^1 I f% ^^t»f ^ ? v£l^ i2l^t*f ’It’ff a, 
W\^ ^M1 I 

>8 ferfen ^rw^tc^R 

5^1 ’ft^ ^ ^ c^ft^l «(t7?T' I ^;::?r!f 

srffe ^-c»ft^«i 1 *37:^ -sp^ 

^STotC'Jt q;fn5t«l (root-cap) ^^3tt7:«m fk% 

I vii^ ^^n^TTOT 3Frr^^T mfe 
^itsr ar^«j tot i 

TRtfSc'® =7t=nv2(^ '®rfci, c^ c^-ti^ 

^C5! c^ W’f iii I a 

'Stid '6Po®iti 7F)f^^ ^(.«n <£fc^*f ^Fc?r I TiTi '®rc«i ^1> 
<2tc^ <tr^ ^1 TO ^ ^I?s cq^ (2t?Ft^ TOT 



I c^t^r c^ 

^ ^n, ^©t^ «rc^ ^ '9 

^ «2trw ^ra I (?f^ 5ili^ wr^ ^®t sri, c^ mm 
mfe fm (?fm m^ c^, 

f^sr ^?i I >8 mfe c’^pf^m mc^ 

^Ffm, ’sm fer c*JTwi cfm m^ I 

^1 m^, 5it^ m®f?r wi:®t 

• m, f^-? ^ (7f ^ mta (Titw 

'srf^^ F?r i ^fK^nr 

'srtm^ I 

^ til^ v(Vft5^' fW! '2t^»l 

I "srrcwj ’I’-f ^ 

■^'tC'Q t2r:^-f ; ^'9?r 

(?T^ ^ I T5r$^^ 3ijf& ^ 

^*^1 ^1 C^, ^^flTf^f*! C^ 3T^ fwfsT^ 

mfe ^“vsr^ ^z% m^fe ^sft's. cm^w, 

c^, '« m^i:J'r^=T =^1 

cmc^t m, fwf^ ^fi»T 

=Ti m'^rn i ^^*rr 

wrm ^t?r i 

sBitc^f w^r ^wt ferl ^fii:? 

»2im I c®? cmr^^ 

t2n:^*t '■a cmrof ^<jj ’^mc^*** 

(osmosis) I 







(^) ^ %1 I 

W ^'s 'srTtr5T^^™c2rrs?^<^ ^^ feift^*i ?t^i 
('s) ^5farf«i ^ ^sr ? 1% ? 

(8) '8 ^5ffwst#l’ ^ ? 

(4) ^srti^rrfr ^fr 'a ^f[?i :j 5T ^<srl i 




'«1% ^'Q ^ I ^ Mt^i- 

<2t*rt^ '8 ^ I a Tr% 

(nofle) 

I ^ ^C«fT^ 

(intfii node) I 

srr^i (2m^! 

^TQ *1^ 'a tt^?rl 

4^ I srt^, 

sirfe?:^ 5i^tl?ri i f*f^ r% ^ 

'srt^ (fcondrii) 'srar ^ w^?rl i 

’ttn^ ^Ft^ c’tt^ I 





'8 ^Tf^, ’tTC^^ I>^t>*{*l, 

^ '8 ^It^ ^Ftfe ^tQ f^CTt*! I *11^1- 








( cladode ) ^ | 

^ >9 ^ 'srtr^ 1 

^ ^f%j ^ I c^i^ ^trijM II ^ 
•Tc^, ^ ^ ^ /n^LM^ 

's «rtCF «ii^? TldSM^^ CTilllP P^ 
5ttto ^ <11^ ^tT©" I fv'ol- O I'* wjS^SS, 

'‘’JT^ (Miielilenheckia plaUclada f nit tSb 

TaiK) plant) 5{R-f <2r^1< 

c^t^ cTf^ 

Cff^ ^1^, TfJ?! ^fr©^ ^JiT ^ MM L 

^?tiF<«i I i\\z^ Ti< ileitffeali^^ 

<^’Fi c^f’^n I c?f^ (?r^ I 

^t'Q—^^rf?i, ^«g[ifr, -<^5^, ^9f|, c^l^i^, 





sn, ^rrfco c^i ^w ^ 's 

^^ ft4 <siw ^^TO I 

0 

(?r«r Fm ^ 's 

^ "srfr?, ^ct c^ 5^5 <tr^ 

(7f^ <tr^ cwi^^ ^I55 t I :j3pT f%, ^ to 

^fsfC^f^ I 

^ 'S <2fOTif—'sisrst’t ^^<5. ^^ri 

srrfef ]^, 'srr^ Tsrwc»m 



'aifflns ^cer?r jt^st ^csnr «r?i 

^ I TtTQ^ 'srr^ ^’sri ^rrf^'0, feroi 

^ 5T?r '®ri’ti 

>8 '»rr?ri ^ I 

iflf^ ^ cw ^^'us '8 »tt^ f^rart^ 

^ftc^, (71^^ ^Ft8 3itfer ^TO *«rrf¥sn ^t%^'8 



c^ ThQ N8 ^ 

3j»C^l- <11^1 I ?FtC^^ 

cVm^ ^’far ^ c^t? <?rti:^, «ii^ 
c^-Ftn «rt^ ^ i <tt^ 

(?f (7f TfC^ C'i^T^, (7ft C^ C'Sft?-^^ (TT ^ C^T«I 
1^, (axil) ^ I oqf%^ 




’Ttc^nr (TT^ir m 

^«r I ?t^ '®rr^ ’ttro 

»lt^-«2Kr^1 ^ ^ I (7f >1^^ 

Tii^ (Tit ’ppsT -Jitcw^ ^ 3it«tt^ lift^ri ^ 5ri, 
<7ro '5t^, sfTfic^, t^5Ttft I ’^rrr^ wpf\ 

<7F^i ^stiri^ ^*1 mf%fF I Tfr^if 'srr'sti ^ ws 
c’ttit^f isw <»rr?7P, ^«i t?rrc^ ^^ni wm sitfe c^ 
i??i ^rl I ^(THf '«rr^ ^^?f 

(TRi^ (TTl^ ^ 5 ^ptr© ^ sri I Tfr© 

^fttfe 'Q <it^ <ttr^, ^ ’frtfe © ^ ^ft’TF 5(11 





^8 

( ^ ) ^Jt^1, fe^T*l 'Q FflW I 

('S) ^ifrl 'Q c’ft^l «it^T i ^ ^ 

( 8 ) <2t^ «w ^^^1 ^fta I 

(ft) "¥1^11:^ ^r«i ? ^[T’lt^ 's *A-\vm f-f- f 

(«>) -ft^il f^ I 


^'e 


^Vs\^ ^^»f—■*11^1 '?Pl?:'8t’‘*i^^^^ 

(<tt]:»(3i ftnj cjf^i) I 

]5'8^1 <1t^5|1 (blade-^^) I 

Ttfem ^ I ^ 

^ rftfel (petiole-^) >0 C^llfetX^ (sheath--&T) 

I a ctrfei ^trw, 

>Q c=^§i 5^t^, 

^oTl i?.?r I <2l^f% 

"srti:^ I <2rff^ 'q 

c^l#r 'srrc^, ^ I 'sm, ^ «2fff% 

'Q 5^ ^sitci,. 5rr^ I 


I iXt^lTTf 



^5iT*fr^t 





ftftlTl (Ziiiia), <^R5 

C^ WltSi VQ 5Itt 1 

^ n\'s^ 

(stipules) ^ I «rr?[ n^stu 

^sr 'it^ I fe'-l’isr 
irr^rr^sr^t^, (^) vs 

c^, 5 (^) c^rtfe'm 

^1 ^trc^sf f%l C^~i?I3T5T C'^ffSTt^ ’ffC^ 

; *('») ^’^it^-f ^3r-K3Rr 

C^fet^ %rc^ TSRf^'S—C^ai^l ^5R V8 ^?f?f ; 

(B) Caxii)* CTO ; («) c^t^r 

^ « 

cTO ^3i-'g[^ 's 

's ^cfe?r 5 ( & ) 3p5f^ >« 

c^t^^ '« 

^rt^i ^‘5tc^ ^ '5i?(?n 
— <?q5H 'Slt^, ^^Jt% 

(^) ^C3Rl ^Z^ ^ Tt^1 

<iftr^—CTO g^t^« ^ I 

^5rr^<T <tr^ ^1 

^1W?[ ^?C»m 5Tt3[ (tendril) I C^U 

CTO ’ttCf?! TOFC^ ^ffiRfVs ^?I,-—CTO 

^ cjf«r) I TOt^ c^tsi c^ ’trc^ ^com 




"srt^ CW ^sTTfsTW c^ C^ ‘stT^ 

'«rt^ ^c^—<TO 

(i^v»[ ftar cvf^j) I c^ c^5( 

^*1 C^-~(?TO fesife 15'^T^ I ^?i1 fefw 

'5fgr '«rt2t?[r^ '=t’^ 'srt^ra^r 

feci I 5^f% ^otmr '^sT'^ri ^ I 

c^rtfir^ 'S c^Rf^ «ii^fei 

^tSHR, C^ ^1 Cfefn '^'\ ^ I C*f^, <itc^ c^t^ 
^^t?r lii^fesrtar ?r^, ^ c^ltfet^ 'sif^ttff 



f^fe ; Cfe^^tf'St^ '5TC5T^'^f% I ^C^^ 

-^irCT c^f^ ^ fsiinple leaf) ^1 ^ 

C^ vQ cfe^ ^ITC^ •t® (compound leaf) ^ 

^ ^ I 'srrar, w^, "srr^, ^ <21^ ^ar 

^Cflf {T[tf%^ ^3f 's^fif, 'srfsnp^, f^5, ftsr cst^fe ^ar 
ott'^ ^lai I 

^ ^ «2r^ I '^^fk, ^5itsnF9T, c^, 

<2t^ ’ttc^ nM ^Ffel top cfe^. 


4 

?it^ I ^ c?^ I >s\^ ^tc’m 

• 

vftTst^ ap^^fii c^t^ ^ ^ ^ <it*rr- 

<itft I vfiw^ JTtar I ^w?r 

apspF'Qf^ ^ ^1 <11^^ ar® I ^'SRir 

^ ^»fii (^'b’H ftar cvf'<) I 

( phyllode ) ^ OTH 

■5rf^(2R5^ ’tsi <K%1 

« 

I ^f^sri ‘a(:?c*f's TtcJT 

Tt^i?c»f^ armi (ftarc^r^) i 

»tW?r ?w1—mar 

c#^ <tr^ ^an I c*i^ 

^tfar C=^^l C^ItWl ’^sTC^ 

a[<[r^ %1 w ^rfr^ 

‘‘MS >8 ^^t?r ^t?[ a]r^ 

* 

anrsT <>n:ir?r <ii| ^rtc^ 

arrar (mid-rib) I 

afifTpmt?f S[^ ^c*f "SiC-T^t^ c^tfe C5t& apffpp ^ 
arferR I ^^car CTO ^ aff^tar Ct'pT 

♦fW? C^tfe C5t^ apST^'Qfsf af^fjft^It^ afTHT 

^ aft^ I C^ C^ ap5T3^f%Caf (leaflet ) 1 



^rclfsint^ ’Jnsil 

H 

ct^ ^t^'-s a[«(rfif^ 



f^ssl^j-^rfCTtwl 


T 


^ af^srtr^. 

(rachis) I 

(?r ^f^?It^, ^oktOf^ (veins) 

I Ctf^ W\^9 <2|^fe 

nt^t^ <2r<rm ^^ift?i1, ^spr? 

’Tn:»f ^ ^Pi ^ ^ PH^l i c#t, 

^1, 4^61 <2f^rfi[ Tl 



cwwt^ aft 

jfc 

ctrfer?! ^^1 f^t^i ^{S?ri ^=rt^5T?i ijtii 

i ^51, c^w^, ^tf^l «2i^ 

^ ^ ^ "TO if!. 



^ ^ fST 

>|ai 1 ^ ^ ’Tt'srt^ I "TOiiR Pl^1 








(pihni-veined), (palmi- 

veined), (curvi-veined) '8 (parallel- 

V * *• 

veined) I 

^fwri ^ 

^ ^ 1%l c^ffifco I ^ 

'8 ^cthj ^<?r1 w \^ 

<2i^fe ’it^ c?fe^ wrc^ ^ 

.(reticulate) ^t=T 

^?li^ WW^Jnon-reticulate) I 

^zm f^sTtm v® ¥5CT?i 

(shape), f^smn «ft^ (inar#,un), •STf'^rl (ai)ex), 

^t'8 I c?«f ^191 nr^i c'^r^rt^T^.i 

(rotund) ^STl ^ I ^tC^nT cWt^ 



^ ^ I (cc*r<late) ^ 

(hastate or dart 9hai)od), 

^m\ (lanceolate), (reni- 

form or kidney shaped), ^'W'SlTl^ I 

^ '8 ^rc^ni f^'hn ^ 5Rr^, ^ 




o» 


«fTc®^ sn^ 

f^fsm "sigriiic^i ^tfel, OTtft^p c^ c^stTs?, 

c*f^1 TO 1 

-^1^ TO1 TOt^ijic^ ^1'^ I c^^y 

TO^, afr (ftsr of^) 

«£i^ ftTOi ^Tfei I CTO ^n TOn 

CTO TO, TO, TO 5 CTO TOt?f ?651, OT5T 

5 CTO TOt^ C5t«l, CTO TO^ TOI ; C^t=T 

niTO 'sif’H cto'TO=( ^fC^ TO! I 

cTOrai TOt5^ (?r ^it^ 
(?rf^ TO, ^tcjR TO1 ^rci I TOt^ 


TO • ^ ^«?r, TO1 

''twr^^ri ^g[ TO^1 i cTOt^ TO? TO 

Af 

'®I<<t^ »ll«f «ttrT I fesC^I *11^ >8 '5I1C5 •^. 

Jfjw 9S »IPI, '^■fii wtsn fefFs I »tw "s 'sratar 
'5t«»R( 1%®5 'S’F iswts «Rf *155? 'Sif® *1^ ^*n «ttr«F, 
®t5tW5 *rtst 3FWtf%«J-^*H (chlorophyll grains) i 



TOtHC^ 

51 clw (stoma) ‘^C^ I 


w^ TO1 ^wrr*f^ ^<s 

TO^i 

<ffiTO ^ I ^ ^ 

TO? I 

TO^l 





I ^5T 'Q «fC9i 

’W’f ’tf^i ( 7 \t ^ 'Q ^ 

^ I ^Ft^ * «F5r '8 «fCS1^ 

’tf^ ^^ar fe»f >Q ftf& 3 r ^ \ ai^ 

f^ffear (assimilation) | »<i^ 

5imi «r^tsr wc<?i 
c^ ^ 5 f <isTtc< fefim c*n:^^ n® "s i 
^«t 1 'BTfC^ «ftWl 

^y ^Sf, ^ 1>f!ft<, >Q ®t^- 

f^sirsT fefejfil <lift«f «2f^^ ^?r I 'srtCTi 

ai ^ JT"*i^ ^ sri, 'sitrsTl <211:^^111 

*lt 5 t?i ’Vtw, ^iw, Tws %l 

^ fttT^- 5 l^«i ^u I ai^ wf, 'si^^ 

*51^^ ^tc«f?f 5Tf^^ 

'^*ir csf^r I ftOT c^stt^i 

»riTfc^ i? c*fc^t^ ^fk??r ^?r 

^ '8 ^5^ ^fmwsT IF^ ^?i (7f^ 
^ 'Q ^rr^ 'srrftiri 1 

^rrfamcsT 'srrrm?! ^srstc^ 

^1 

^5rr%i to I c^ to?i fefpf 
^ftrc'SrH ^ ^8 

I fef%OT '8 «2t?:^ ai| c^, 

% ^3 ^Rar ^pmc^ ^c^i, to 
to^ ^\ tot^-«rsrt^ ^siti:^ 



^ ^ "srtc^rf^ ^8 

5C9r =n I 

’T^ c^t?!^ ^ k\^ FT^fl fw?i ?rr^, c«ff^ 

m 3rc^ >3 '[^VQ jffifi ^ 

bt^n cHc^ 

^R?n ^\ Ctf’?! 5T<11 m, 

^CffRT ^w\^, ^ N8 

5^1, l%i 'qtrsri 5n 

^ 'Q '®^Ft^1 

^ I ^ttr^^r <tr^ ferar ^ 

%i Tnf%^ ift^ I s\^ fifra ’tc^ i>w 

c?f^, i?in ^rtn ^l?ri 
f^?rri:^ i Ftn ^sis fic5r?[ ^ic^ ^ 

TTfifi ^ ^1 

^fCSTl f®^ JTl, ^ Tift'S 

^ I ^c<Ri ^tz:^i <2ft«r^^^ I 

^i#5 ^1^ 'srrcT I wfi 

Ttr^ f®®c'^^ W5f ’^tnt^Tr?! ^t% ^ I 

<SfC^CFif (transpiration) I 

^iJ, ®tTl cstTO f*i%tT I 's nft^c®t^ ^fi? 

^C!r, c®t5itffTc^ i 

fefiOT <l3r ^ife«i®9F 

^feil «nc«fj?i t2it?i artlBg ?Fc^ sri i 

<f%1 ’?ft?r 5(1^ I 





S?C»l?r| (Drosera) 

ctHc®t ^ <[c?i I ^rh5t?i ctf^ 'Q <2t^ 

CW I (£tcw 

afft[ (gland) I 
t2i^ ^rt^ ?pr ^tfef 
’liwf FI m 

^c?[i 3itf^, Ffi «rf% c^T^ ^risri wc-TffCJTfli 

• grit tct "sitfi (?i^ 

c^rfi:^ '5tf^?r tct, ^1- 
C*ni ’ll ^3 ’tt^ tFT ttt, W 

c5^l ^ ’^cEi cm c^cH?r 

<Sffe® ^ ’IC^, Ct^ (?F»f 

3FC3I ’if^t tttt’iitcsi '=it^?l C¥C®T j'srit ^€1 'srg 
CF^-sf^'Q wtf^‘ ’ifltti ct^ 

^fft?n ’ll:®'« -sift tt 

W® ®ftc^ I ’tr®tt ^^'3 Firt 

's^t^ ttfe?i 'srmt tt?i*l TOT I ^MOT 
'Q '«[C3I C^sun FI >9 =?IFI 'STWOT 

'srW? ’Iftc^t ’If^’tr^ (TT^’I 

5tft 

vjt^ 5tfi|t| ttT^ >Q ®tCtU5 FI 
’It' 'Q ctl^rl tttl ’tc?^ ^7 '®tF 

ttt 1 c^ ^ 

•sPiK CFtQf^ «?Tr^ ^ to I 
I-.« 



'BrfJitct^r 



^8 ' 

Itel *W c^* 

irriSc^ SirssftOT 5fC»ITl ^ (Drosera Bunnanni) OT«fl ^.1 

^%5ra »rr>Fti?t? 5im ^ 

^psJflCT'^CTtl ^ ^ 

^ c<fRi»i’iCT ^ w. i?P? »tn:*ra f»w c^ f’Wtf' 

5C*Rl1 ( Drosera peltata) Sfl^l 

,5rt^rtc5niftsR’two? (JWI ’ttt I tim 

fife «ii^ ^ 

■stPR! ^ ^'rm «fCTi I (?i^ ’rffe® 

^ "ffif otPips *rt^5l ’Tfs I 



^^•iUr’tWPwwPfH »mretP*' 


^ nw’W '8 ^ ^>8 {?!t w 

C5tfe C5tfe ^ ^ifel sic^cslfe C^lfe 

(jrf5|TO *ltSTl ’Tfg I (?it ■4^ 






c^, (7k ^ 

’Tffe ^ttC?[ JTl, ^*1 

fefkl ^ ^ ^fR?1 ot I *«ff^ f^^sOT 
^ arf^ (’^) 'sit^, (Tit fitff ^ <2m^ ^ 

^JttCTC^ (Tff^ 'Q^tfir NQ C^ C’Tt^*! 

^ I vilt ’tti:^ t?c^fw STTr (Utncularia) I 

><n c^tfff-nr^F ^ ^tf%^1’tt? I 

3p^ ^ 

f^=rf5 ^f?i?ii ^ I (?^t=T ^ "^4 



f^»nr ^ft^RTi *it^ 


^■^ir^ f?(TF f^5rt^?r f^t^ 

^'9(^51 ^ fsm^ ?pr<r i '=rt^ ^t?n “W i 

^ fs? «srf^ ^tiT5 ?pi ^ 'Q 
^ I 3R:sr fW5I I 

"srfdsrl-'srrdft i^tt?rl ^ '«r«fT<^ i 

(Aldrovanda vesiculosa) ^*T^' 

'fl’F ^f%f ^rT’fftr ^srfs ’Ths^l ^ts, ^.t^i ’iRt^ ’ti=T 





§f%OT <iw?f >n51 ^'^8 cn ^ 
f^tFTff (Pitcher plant) 'iTtsp^ ^ttC^ C^ C^ ♦ft^ 

wr toti 

^9|9r-$f%(f ^CvS ^ ( ^5TC^ TOJ I sf^JSTlZ^ 



c«f>if^c5rt»ii ' fim ^ 


'Q ^ <2tt% ^C*f j 

'5r?>^ c^ c^, ^ 

^ 'Q ^?n TO I ^gf c* i ^ 

TO ^(7F C^*! TO I 

^tW?l ^tvS-^fWl—W^ ^%rl ^ ^ffTO 
^C5T •rl, ^ CfCI? ^^*1 TOI 
C^TO »lt8rt^ CN, 'srtlisn ^ ^ I 

srt^ii ^ I CTO CTO 

^ttcf «2jf% ^ ^ TOrai ^itwt^ ^rtc^ i 

WlC.*^ *l^t?3I51i( ^f®TC^ ^tt?i I ^\C^ifwc^ 
^f|StilC«l^ (alternate) TO I TO, WPT, <2^ff% 




’Tir^ I c’lffil, (sr^ 

<2rfe ^fwi ^ <it^i 

»i*sii *tl?n 

««:*ttfl'® (opposite) ^ I %9I ’fRf 

I2tf5 1^ ^ «I'5tft^ »tw 'srtTtCT «ttt^, 

»S| «2Wit »tai-^issiti:^ ^ papt^ts (whoried) ^ I 

'e ‘^•^l^fwT CTff^ 

(decussate) I 3F[^t^ ?j5^ 'Q 

^?r I 

«IOTW 

(^) ^1 tTc^?! (?Ft«rr?r «ftr^ ? W'a ^ ? 

{^) ^ ^ ? 
('0) <11^ ^t^r?I, 'sr5j^'4 'S ft?I1 ^ ^ I 

(8) ^*n 

(«) ’rn:^ ^’rr^-faRi, 'aerm^r ^c^r, 

f^-tfr&tc^ I 

(»!») #[k^t#t 

(‘») >8 ^5rr?Ft ? *3^^^ oq 

(?rQ^ ^ »W "srar ?l>81 

(V) ‘ ^?r <2RFl^ ? wtQ I 





(71 (?\ >PF®! ^ttc^ 

wr ^C5T^ I (71^ f®T 3FC^ ^ ^pC^RT 
ftw WC^, <71^ ^iW *^o *1^ fefSn I 

'STsiiR fef%c??[ >9 ’TH:^ f5T <0 I 

'srIwrsJTl ’Tf^^ 

^c«i^ ^ap—’p w Tf^ ^?rl 

^ I lijTO ^ (7(t^ <2Wi7r ^ifhn 



^ I (7f^, ft^F ^ CFl^ (T) I 

CFtC^ni ^ ^ 5i5T (?f%^ ^rfe7[, ^ ’Tin 



vil^ ^ 5(5lfe *1C^ I 

f&f^ <f%®T* ^ ’ft^ fW 

(?KW^ 'smR ^ '©WOT <2lTOC^ 

sfT^tR ^Jt^fel swi (^) I C^HITR 

^tn (?F#rc5T, 'STtir ^ii^fe (?fF^ 

^ ^«fr^ (TFt^i w, ^rrm ’w 

ft^ >8 c^H\wp?( (f) c<i^? c^*rw?r ^rWir c^ 

(^)‘^5rn^ I 

^ lf%c^ ?5?rl ^ ^ ’R Ftft WF 

^ F3F I tiOT ^ TOH irR (calyx) I ffer 

^ ^-51, (2fr®j^ SJ-R f(sepal), ^f?r^ 

CWt^ I ^W ^ roF?[ srR WiJf ^1 ^sraRIt^-l (corolla), ^ 

?i:5i?f ^ <2rr5pF (petal), vfi^ 

c^l I ^ 5cap?[ rr ^c^»ri 

^ (andraeciuin) I 5C3R ^Flif 'aT?»f, <2R:^J^ sit^ 

( stamen ), ®ft5f5 C^1^1 ili:i? I 5^af 

^ 5C3R stR b>v4» (gynaeciuin or pistil), dll( "St^- 

^3F »i)^f53ltar (carpel) I 

«2iu5pf i35r?pHc^?i ^ "six^t 

^ (filament) ^ ^?lt^- 

^ (anther) I T5 

^C? ^ ('pollen) I 

‘n^c’HOT feft 'sr?’^i ^irTc^ 

(ovary) ^ I ^f^CTlX^ vfi?F ^1 ^C^fw 



8* 




(ovule) I ‘iPpfe.siOTr ^ (style) 1 

^rr®^ C’tt^ <1t^ ^ (stigma) I 

^ (ovfim) ^tlT^ I 

’pn, c^sf, ^w\, f»i^, 5tipri, 

'Slt^, f%?lt31^^ <21^ ^ ^ ^ 





’ifiRl ^51 4ftc«i (?f%:^, Ftfir 

^ ^ I ^?r Fffiife 

'Q «2icw^ ctr^ 

^srtni 

FiF, 's fei^ti:*nr 

ft^'Q ^ ^1 
^C^M?r53F, 5OT 

^r® 's I ^«ij ^^'Q 

c^5T ^ I 'srfwtv'^ ^P3^ 

^6 ^1 <?m?5F I ^ C*WW, (STffe 

^ 5ip^ I 

^ ifvt fOTT <11^1 ^^tti:^, 

?Ptva ^1 .i}^ ^ <(t®rtw (thalamus) 

^ I ^f^prf^r i to ^i:^r 

’iT<rt^*i ^ ^1, "srhT ^ 'Q «2rff% ’it^, to 'q 

^iro mw 

^5f TO I 



«rPf”TW! 


8) 


c*(tfe^<rl a, ^•'Q "I3r^ ^ 91^ f^?f, 

^i^tc^ni :!pt^ 7f»fjef f?if^, i337Pt?r ^ 

^tw *5rrc^ ff% I 

ftiTf, ftftw '«-(^, 

^<1^, c*it^ isc^r feds ]?3F c?f^,—'ar<^t<^ ^ 

?5T >8 *^?C^n.(TOP, Jd ^ ff^, '« ’HiCTMTOF I 
OT N9 ^^»Rj53|i ifl?F CfRc^ jfl I C^ 

. ‘*5,?^^5aF ^c^pap sn, >0 (?r 

(7R3T <«rrc^, 

^ ^ I *r^, ^wl, fel < 2 rffe fefii:?, v^pp 
5itc^^ <j? '0 ft ^ I f’t^ «i^ ^fejf 

^ ^ftrf (?m ^ «ftc^, 

13 ;^^ vii?F «?ttr^ ^ri I (?r ^rtc^, 

fiffef v£i^^ a <3^ ts^ fir^ ?tlr^, ^i^ti?F 1 

^3F—c?p-R ?-c^ ^^cap^ m ^<W- 

^rf%pap ’?rrc^, tT^Tct ( epicalyx ) 

tfe?® <it!r, '0 

(bract)—^sifet?»f C^ ^t^l ’FC^ 

(axil) ^SRfe® I ^ gtC^fe I ’^’trsT- 

feit^, ?rt«f5r® ^0 ’ftcf^ artr^ ^ '0 ^ j 

^ "95? '0 <2rtw 5 ?rfeT ^ 3ti?pS ’ftS' 
«t^53rc^ ^srM«i TOf I 

^C»f?l fefJW (Pollination)—^Ife^rsv 

5(^ '0 5T?5|^ ¥f?I^ ^ ’5?*^ ripM ^fel 
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I 

^ ^ (?Hc?Rr 

-^\ c*f^, »w ^ ^<?r f®f w 

tsr^ ®rr®T fife ^ vfi^? ^ ^ 

'Q ’t^’t cwt^ I ’tti:^ c^ 

’InC^P^ 'Q S'^%1 C^F*f?[ C^Ft^'Q ^C®f 

^trF I ^c®t 

^ajr^ ’W’f ^srtfl^ 

wmi ®rr^ i a ®rt®R< flrfe^ 

^sWc^f^ ’ftK^s ^itcn ^^®rr%i ^ i 
(R^ ^®r w ^ ^^iT 'st^tOT 

^ 'Q ^3-®rf’ti ’nrt’t cHc^ 9t^#mc?r ®rrfw i 
M®rl ^zm ft®R I sri ^dtI 

^oWOT ft®R ^rl I (R ®r^®T fr®T 'Q 

<?ttr^, (R ®r^ ^ 's fro, 

fl^ Rt^r c^t«f ^1 

ffl (71 STlRl ^^*1 fifSR <£rR^ 

5(1 1 ^*1 (?r ^zm srr^T ^ ^^ric^, 

^ ®i5[nr, “dtc^ 511, "smi '^rnrt^?^ ^ 

c^ •irai’fsdR 5rtwT5( (7f, 4(7P^ 

ft®R i^'Qid 'spm I Piv fr®! ri,“c^ 5irfen 

<lfW ffe^, ^'Sffe^ (Pedilanthus) '« 

<f(fwl %Z7^ 

'®rfW 'fp\ rt,NC^*fOT >8 ’l^c^c^ii ^ 

(R, ft®R 5d I 

»ii ®i^®i ^c®i 1w5f?r w ^ 'srR'sr^ i flfe-<l^ 



BO 

^c®T ^w 'q c^ 

ifi?F ^nrsr ^rrf^ ^ ^ 'srtfl^ i 

(TT ’ttC^ ^'S sit^ ^?r, (TT ’^PPr ’ttc^ ^FT^ 

Mtf^ «rf f% wrsT 'sitpRi ^ 

<itr9T-<tn:5T to, ^ c^ fsr fcfe (?t w?r ^fc^?r 

^ <2rR ^fwi ^ j (?wr ^ fe^pk^ ?rrft 

(?K1 ^ I (TrI ^<s c^fRiiri nrf^ 

'Q ’ttC^ TO 'Q ^St^lOT’Ttirtw 

^ C^C^ fsRR ^ 1 ^It^^WiT. ^5^, %5T 

<2rff% vfi I 

csrt^, «2W^ 'Q Pro <21^ ^^Tt#!’ 

^cfe, fVi t^?il 'sr?prfc^ ^st 

^ I c^ f«2im 

c^ikrr^ (Tt <2n:^»f <iTc^ =^11 ■«> 

'®rc^*¥t?F5 cftk TOi ^’^rlTt^ 

%5^ «^iTc^, c^ CT^srtf^ 5^t^?ri 5i?5t^ 

5ri, <2i^<lf^ ^ite 1, c^u 
c^, (2iwt^f% (?r <itc?r ^n, 

(?rRtfe I ^ <2Nt<if%?[ 

(Th^%[ (srf®^ I >0 51^ vii^; #rfe-<f5C9p^ 

^ 'S f\^% C?^ ^ I ti|3R f% 

5f^ '0 (2t^ 'SniRU^ iSTff^ 

Mfe ^ I ^<«n 

fC5R f5T I 
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^ >8 5t***i< ft wr^rfOT f5 t ^8 3r^ I 

^ ’fftsTtr*! TOr,^*i Trip® ^f%l ’m 
=^1 ^ C3TtC^ ^C=T^ C^’TR >8 5ffe 

*rtl I ^ ^ «j[5 w'« 

Rtfeft'H, <7i«rar 'sir^’F*! «ffinii ^ftc^ «rtc^ i t^tmr 
TgvQ (StR ^ >8 (TTO f®r'Q ^ 

’ff^tni c^ ^tr^ fw (71 ft^TOT 

TO ^1 <2lt5r^tftll1 ^,^5TOUo ^ 'SRtC^f ftTR 1^, 

CTO ft^, t^SJtft I TO, TO^, ftf, TO, '^fTOT, 

c*fft < 2 rf% ' 2 rR^ TO?r TOtiTij ftft^ ^ i 

(7f ^ft^ ^C®T ^CtOTT ftoR <£fi%[^ 

TOITO ^tc:^l TOT ‘5ltri?T ^lOT ^ (7T'85l1 



^ c’tom 

» 

(Vallisnaria spiralis) ^ftC^ ft®T^ ^ ftfes I CTO1- 

^ Ci^$1 I ’JOTT ^ 












8t 


c?it5t ^ «re»ra fe*Rt 'stfirai ki i *tt^ 
Ftfii fK « art? «tt«f 5^ I »tt'®t?i 
c’tWr sicsi sitiB^’Ftci ?;»f TOi I 'S’f (?f^fl*nW), 

■sirt <a?f •ntr? CT^ (^) I ’JJ’JF'Ri o^tfel srt^, 

I l5c*Rr JTs »tf^ «rt^ fstc^ 

'Brt»ra ®5rm ?rtf5Rrl ct? i ft*it=ra to 

*tt^ ’irt's <Sf 'sasfa sresRi «tf5rai to i 
(?k TO5 ’jjrijn ’Til WTO %»tnt 

^3t%1 ^ I ^ I 

fi[5TC5[^ ^ c^ .‘^t^ f3TCT ^tir 

^1 

<itf^iii '^^ ^ -ntc ^^mm i 

^ cn'QSTi I ^ 

?(t%i ^1 m I FTf^ 

f&f^ I ^ ^ “cfrrcsn” i 

<2rtrarr»ii 

i'i) 

(^) f BTfft 5CaR ^ I 

(’3) 'Q '5r?c»f^ 5r[^ ^ 'Q ftar 

%i wtQ I '«rr^ ^ ? 

(8) ^ *rr« I 

(ft) ’rwr*iT 1?^, 

^<5ri^i '« 

<apR<2R:^f%? 

(^y ^ri^»t69rt #ri ^ I 



WBT C'SfRTl «, ’UC’HO?! 

(3W,^ ^ ’tsT^ ^ • 

ips? %»ra *n:'5 '9 '5«ii^^ ♦rat’fuTO 

'il^'o >^P" 4^ t^'iW'S 'ft'i ^CT *tf%*Ri ^ I 

I 

^firs fwsRi *Rr, 3ic«(j f«f 

'itr^ « (?i^ ^ ^91 ’p»iw?i <fts*i 

^r® '’Ttt’f I ^ Pro ’ll ’?iSw, ftwc^tc^ etrt % «ct 

’ll, "rni fl^rc^m ^ ’p^iw? «rfit*t TO ’ll i 

'«rfl TO C^l^ CiC*! C’Wn '51’T ^*ttfit TOW 

C^rsl 'sitTOtfe ^5|lt«*fS TOW ’(fi’Tl <2|^f% ¥«I ’ifKl 

c’f’l I TO, TO, ’Ttfe^ ^'sTO W 
'sr«t^ ?TOr '9 »frfTOr ’ll i 

^•rf^«*l&, ^RRf& isi^* ’PI <trf%C5f 
’ftfel TO '9 % ’tc'? I ?TOi 

« ^ 5p5I ♦ttfTOl« TOfe ’ll, 

'srtTOI *ti:? ’ll I ’?»! 

TO'^ flTOW w (Wt^ 

TOW cTOiW TO '5TO 

WtWft "f*! TOsl 9tf^® ^—^TOTOI (epi-carp), 

(meso-carp) '9 1%TO 

iipf TOF (endo-oarp) 1 (?f«l TO1 «TOl «lt^TO TO TO?I1 C’l 




c^pf^ral % W 5 

5(tr^ ^w C’^) 5 '^\ a ^(?pf^ ff, (-jf) I 

citsr (stone) ^Ii;^ I 

4t© si^t^ ftfiCT 

^ C?^ ^1^, ^ (^) I 

C’^fSpRT 

^ T[^1 

^ 5 jft^l 

c^ ^it^ ^tJfi ^ 

Tl%^, 
f^TOT 

'srtwl c^ ^ I of«^ "srtOT ^ ^fe ^"*1< 

'srtOT^ fl^c^tro C’^iW?! ^t?r 

c’l^m ^ <21^ ftw I iftftc^lTOr c^t^i, 

's fsisir^T <2(^^, ci^twl c^ ^S^i c’^tsr 

^il ^?r, I <5^ jf^T^ c^t^ 

I vii^ c^m 3f{t?fi ftw I ^t«fl 

^1 ^tsrai ’^rr^, ^t^i i 

^c»Rr <ii^ w —cm 

^f^Tsf, vipF 14^ I 

'srf^mpT, 's ^ <2rff^ ^ 5i*^< 

I ’tr^ ft*r 'Q 

« 

«r9 ’fl f»lii 'ftCT <a^ fff f»tc5 »if^ '!ilrF, cw 



5ITt»lft CW1 «T|^ 





S\f 


I #Y^9|9 ^ ^ -IfMl 
^IX^Rl fOTT Pt^l ‘*tt^1 ^^51 

TOWT c^ c=rtfel ^ist^ ftc^^TQ ^ ft?r, 

^®rt^ c^ (TFf^ c«iW ^ftr^, ^t^1 ^ <ii^fe 

'^p\^ I 'srl^t^ ^tr^ ^11^5911 

I ^ If I vii^ C^tOT 

?n:<n «ii^ w i ^fsrt^r^r 



fBrf^lCSI sr<fj^^ c^ ^«»f 

^tfe ^?r, "st^l "STt^rr^^i^ ftOT 3rfc^^ 
I 'srMii^ c^WpRl ft^;ss c^it^ 
fW^c^ c^ ‘pff'$?rj ^ 

’pfR v£i^? ^£1^ ^^1 


®l^1»lf^ C^1 ’PSI v8 ?^t5 liRf 


^ I ^ »pr®?r '«^<^r^ f^ii w'® ti Pt?r i ^ 

'sjt^t^ ^*1 TO, ^ ^ ^rtr:^ 


^1% ^ WS ^ ^1 ^ ^ ^ 

'«rrwl %ar TO, 

^9! I ^8 ^ ^iRI31^ I 

fl«P feficiffl ^v^\ 'Q ^?»[fl% ^1 

TOtC^ fh?^ sn ft^ TOR TOT 





I CTO w 

m 

^Wc<nt ’rftt»rt ^*iiTt=j f%f^^ I 

«r’jr*it*n 

( i ) jpst ^ Slt^ fw fe«,»ts 15?, 

? 

( ^ ) C^ ¥5T *trfTO ^ CTO ^ ^tfVc^'Q ¥tz§ 
sn, tft^ I 

( 'V ) 'srrc^fij CMPn C^ «2f|if^ 

^<5n ^ I 

(8) c^rw^ 1%si 'Q frcw^ fro 

(ft) 'STf^r, fe, ^tit^, 'srfsim'« 

^ 'Q ^T^tc5Rr TO 

ftsj- ?ft'« I 



'q ’rtI— 4 ^"tl 

c®Wf?«ic^ I fN ^tlSps *t1%c»i fk«Ri 'spsnra? 

ft«-fef%<f «ra ^1 «fCTra «f® ^^f*T 

^ '»t^’?l 'STt^rar?! ^ ''WTl ’P® 

<5^ stspil fefifelRI 

liPFTK^ *tt^ 1 ??, '=rfil <?lt Tt^ ^ f»f9-fefe?jt «Rt « 
*R^ ^ ^ (7fp{ ft^ "aiffirs 

^ srl, ’t'RI ^tfw5 »ltc® 5(11 

ufeK»t (31^ vBlim ^?*t-<?rt*t ^ I ''it?re, ^C5w fl«r '9 ’p3i <a^ 
^ICT *t%»r, (?i^ ’I’F't %«f '« ’Fcsra 5W 
srfilWftf 1‘Rnil •fR’l ^ I f4<i flw ’pf®( >fl<FTft5f *(1 *11^51 
srtJTWW *K^» '®W ?tt»t c^ ftw '=l?5^, C^ tlflf <2(^5^ 
'SR^ »tf5 I ^tCBf^ 51^ %f sfl ^55^1^ ftflf 
^RTi *it^ ^’«»t-?rn '9 TOt I 'sps'ii^ 

5I?»t-^ « «ra ftC9Rt I 5Pt®Rt 

1%^ fl«P 'ttt’F , C’Ftsi ’P»I ’Ftto ffw ’W?! C’Fta 
c^ spst sfl, ^fwl »li® I (?i^ c^ fwrt?Rr ^ 

fm «5re®i srWistTfii c<mi ^ i (?i^ 

^•tl c st ^l tlw^lc? 4^<ltCS( ’if^R I 

^ ftwtOTr cVh*i—^? fi, 5(1^, f?ff, 

^WPJft, fflsRlfe epff® ^ ftw® SIWIK Sffi ’Tt'fl 





c«ft^ orf^ I c’R'Bt cW? fNr 

^lip® 'sfPir® itlsrl Ttw Pfifi *ic'? I f»|5pr ’rrti^ 

• « 

<si^’iftl? w *ttaf nWOT 

# 

'»tf»tw w TOt « 

TtCT *OT I ■rnn^t srw ’Fftnt^, c'stJRtl Btftstot 

(Wt ’ftf ctRito »tt^ I 

^ i;f5-c*rT=Fl, ^C^«f5, 

^»(1, c^ 

<2rff^ c’^r c^ c^ 

(71^ ’TO c^i’®r«?r^l 

<11^ c’tt^ <^nr^, 

^v^ivj ^ ^ ^?ri 

'sfOT ^ ’Tf^ I ^C8RT ^C9nr 

c5t?f#T^ ^ ^1^ am 

^tt5 C5^ f^f TORI ’tte <7F*r 'Q ^ETtC^, 

''T?F ^Tp ^ ^ ^ 

^ ^c?r '8 ^rtf^^rl 

^ f^?ri 

^t0tsf <rtc^ <2rr?t ^ w:^ i 

'ill ’!Ft^ ^tfro, ^3T ^ ^|l?5 «f%1 

^Nsi^ ^sr ’T^wl |^c*f?[ ini I 

^ ^ ^1|I =m7[ 'ip? <2m^ 

^oi-, l?T?r R*%i Tti >9 

^ t^smi I ^ffc^ ^ 






^ ^8 ftw c^pt c^pit^i;^ TO i 

TO^T, CTOt’ltfe, %^, CT^- 

(Indian 

cork oak), 

(Indian Satin wood), 

'8 ^'Q^l ^ (M\^ 

9(\t^ I TO, CTO^ 

^ttz:^ I 

c£|^ vpF ^ \3 

TO TO'KT ^ I fl^ 

'G ^ CfffTO I 

(2rf f% ¥5T <1tf^ 

cwte ¥td a ftw Tm 
TO I ’^^'9 ^mt*{ 

^froI 
’t'ff 'Q "srart^ <2rt%4i flw 'e ^ 's 

^‘isn Tt^ ^ I cswi c^< ^?r w\^y »rrf^ ^ 

wn «2tff% ’itf^ 'Q '®(tc*!m ^si^c^r i f^i 

51^ fi^ TOt^i TO ^n, TOtTO 

7^^ ^ I ^ (Ti^TO 

TOT TO ^ \ cTtfet^ TOf ^9 ’tt^ ^ TO 

<TO^ C^r^ TO I ^to TOTO ^ TOI C^FH^ ^ 






^ ^ « 2 rf fe ^rti:^ ^ 

^zm Ttc=T ^1 

^5t nq ^rf^c»K |i 

TOT I <rrffn:<t^ <2rffe | 

Ttwi?r ^tfft^ cwf^ I ^gnrtc?^ ^ 

C=srt^«! 5TW 

fef%w 5 5n:«fj c^m cmt15?i c^ ^ 
(T^tsf ^f%pf ^ (71 5(0^, 'srar ^ 

I ’is ^ <2mr?r TOI I 

^ 'Q "« flrw^ ^C**? ^ I (TT »PF®T 

>9 ftW C^PW '« I 

=n ip5f'« ?n:«fj w 

^U?r I >PPT ^ ^8 fl^ ^ 

^tPRTl <!rt^7F, iTl5rt^<i c^45t c*f»n ^ I ^ wm 
^ c^ ’tt^ wz% 'SWOT wz^ 

! 'W’lOT 9ffOT 'Q fiw (TFHTT 

’tsi I cfft ^trr^, ^sTt^ ^1 f^, srrt^OTT 

<2r^ ^ fTOT c^ ^’Fi '-t-fliw (Trf^, 

<^rtc^, I (71^^ i ^ 

’=r«R1 ftw 'gtlTf I ^ I 

^ 

wfticvs (?f^i ^ I ^tfc^-^5l>rl ^ 

'« ^ ’if^i fir^ ’tt^ TO I 
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%«nf ^ 'sics’PF ^ I ^*n:wr![ w 
c*!^ (?iWi, wrrt^'Q ^5rrs[?ri 

'BrtsnR ^ c^ ^ 'stWot ^raal'Ji^iiw ^ «pm 

ft^ \8 ^ ^srfejy I Ji^9\ fl^Tgf^r >s ^pcwR 1^ | 

^srtwt^ 5i?r, ^ 'Q <a3[c^ c^ ^ ^ ^fii- 
<1Wsi ^ (71^ flw^lts^ m^lC'er^ *iUtc^i* 

ifpF*! 'arrcsffil^ 4C*fC»f 'STt^sT I 

TOT ^^rrcw^t f^i^, Tr?5rt^ 

^ ^ ^ (7Tt^1 tPStm^ <2tt^ I 

<*finrf»il 

(^) ficw^i >8 f% ? flw ^a 

'^gr Hf 

( ^ ) ^«-<Tft ^1 ftW 'a 
fe*n^«i %1I 

( >!) ) (Tft’tfft fl^ ftf® %l li^ I 

( 8 ) >© >pg55 ^ c^ 3F9T vs ft^ 

^sWOT <21^ f^’l, ^ I 

(ft) ^gftnt=n -nl^tf^ c^’^ti T^tvs 
• ^ ^ f% "srtr^ ^cror %t ? 

^ I 



'Stir? ^swf^c^ ^rt^rai #™i «ftftF i 
^ I <2m ^ ^ ’tii*tt»ii, «ic5t^ 
=?'>t1 ^ 5 'st’fillS «!%, ^«ffe C'sWm 

f%l srW fefs® I 

w *|f5i% «f*i-’f»r '=iw*t c^ ^ i2tt% %?rt 

'stfim >R«iTftr <?f »ite(! <4^ Ttw 

^ <2tt% »ft«?1 ’It?, ’ll C^F *11^5! 

»<w (?r ^ <2W?t #K ^ TOt 'st^ c4iw-«r? flrpt 

f% ? *ff?;T, fef?, #t^,'srti, 1%f4 t'sjtfr ^ 
5^pra <2(t% «ft9i ^ TOt, 'arw? srt^ ct ^ ^wprt 
C« t4Tl f^*65^ wist I W®7t?CWtsti2lt%’WCWftc*IWlWfWtf^ 
I2f1ta?t CaW^Sfl (classification) ’Fftsi sfew |r^ i 

srt«(fii«r5 wfsRTi (Sti^tiTf <?rt^t?ft ^ wtcn ftww® wfifl 
'ttfr I (Tsisral wist CT srt? (Tt^ t'sjtf?), sirl®, siflw*t 
( sfft, ISwiBfw, wtf% tsfhl i?WTlfT), *11% ( *mB1l, »tifww, 

WtW, ), ’tttf?, C41^, siftpt 







'sfttfI <a^i?tu??r.'2i«(t5? ft?i- 

•tl'5l ^ cw® I «tt%r OT^r® ^tn?. ^ 



Sft^ ■V'SUt? ^ ^ «rc*Wf (invertebrate) 










«t«w •i<-c«trt&tpirtiii (Protozoa) ’Tl I — 

*trf?f ’’Pf^ isti^ I ^t^JhTC'Ri »iw^ 

’»rSt55 or«ti ^ sn I c#fii 'st’t «rc®i ^ ^ 

<w <2tt% (Tf^i'sj^RT'itf^ I 



»rtfw 


%r -ST i2W?t carriifetJwW, ^ srtirc^ Tt^ *lt^ 
5(rti?nfiBi ^ ^ I '»rtf^ srfw «pm csmSiwm »ii«tc^<i 
^ lan t Piw aim ^rfrM? c^ft «!^ 1 

fitfrt *W^*tf%CTTl (Porifrt*) ^ f ^g |*ia||^ ;— 

*tCW 'IBnIoH feRpf ^f»Hll ^9J ^ <JPJ5 

fefkw ®t? psitPRrt ’ttisr ^ ^ 51^11 



«fi»T ^ TOt I ^rtJTSl (?t ■»r» ^itTt^'ra 'sW 

<Stt^ TVfl (skeleton) I 



(OoBlenterata) ^ C>fft:— 

«ft®T ^^uri TOi I njcRT wt»re 

■|iPF f»it*i«i6i?ii>i *it«?i ^ I crcif 



CWfilfrl 

'=rtC5 5 ^ ^ '9 mi ■■^Rw i 

^^tcnt «> ( tentacle ) 'STtl? I >5^ ’sTt'SH TW 

'®rtw^ ’OTI «Rt»i, >211% I Strt^w—51^51, 

C«FRrf^ t'Sjtft I 

sW ( Platyhelminthes) ^ BJt'fel 

!— 

(Wl <sr§f% ^?»ttf5r5 *t«lt W® ^ ’TOT I (3I^«f9 
Rrstlt-y^^ (liver-fluke) =n W I 



fJwist-ir.v 

'^we (31% afT iswrt fft ’ll*! »w1I 

(tape worm) ^C»T I 



*• f^®pr-''itc»rt55n 

(Nemajihelminthes) ^ C*tt»f 

^ ^ TO iSW Cffw C’tlai '6 5Wir 


ctm?Pi 

CTO? 'Slt??‘l '?55 I «rt? WI CTOI? 

TOtoi 

(Annelida) ?i :— * 



C%C51 


I ^ I c#f^ i 

Tf^ir *(^U 9 ^t^Cift^ 5 T«rt &1 (Ediinodermata) ^ I — 

<fW TOl I 

(M ^^*^5 ^I55T ^srf^Tf^ 





^ I CJltcfe^ ^t!ctf^ b^llcw) 

5*11 “ ’fe?t^«i~^5W3rii I 

^feir (Arfehropoda) ’ll ."— 



’Pt® (?PR JKItSTtfl, CTtJflll, I2r|1% 4^ C^fj5 



I ^1^15t?l f5?f?, 3rr?^’ii ^'sjTf^ *tt<?i ^ra#51 
*rii| *l^1WW (Mollusca) ^1 »t1^ :— 

dpF fliftif ^1 "grt^ «ttl^| 



nt^ 

C«t®r (shell) ^ I !IC<fT WC®r Xltc^ I 

‘flWi'ols m(,4 5 C’PI't—^’rftS? *tt^JF(land snail) I 

^piflj (Ohorilata) ^ (Piwtt :— 





I 3it5, ’ut®, ^rt**, 

^Jtf? I 

<srtmt*ii 

{•>) cwrff "a 'supw't^ '2it% ’tWc’f ’ct t 

(^) isttfw’tm %?M <rf« I 


(Special Characteristics of the Living) 

^f%*r'Q«2rt% viiT 'smi ^ crtr^ f^f^i 

C«rfC^^rt«R (protoplasm) ^TtW ^ 

^1 ^ c«2rrcfet?rr8R 'srr^rr^i crtr’^ 

C<2tTcfeT?rm 'srrw*! (cell wall) pFi <2rr%f^^ 

^ ^ (growth and nutrition)"-fef%?r W^f, 

srriS 'Q ^ i c^ 

fefcnr ^ ^ '5rfcf,*^W^ \3Ff >Q 9 ^-^ JiTOOT 

^itc^ ^<nrr?r«f5T >« cw*! toi i bwi 

vhn f^f^, ^ c*fr^ ^ ^'q ^t-^T ^rtt i 

5is[5t (OT^ ^rt'^j 

c»iw TO I ^Tw crofts c<£rt^fet- 

?rtTO?i 'Q ^ ^1 1 5PC9T 7 ^^ fel%‘OT 

^ ^ I 

<2ri%^«i fefrou irr^ f^^*i 

I %f%5^ t2rt%^ <2rrw^*i to i 

^•l, c^t^, ^Tf^ 




<2rr«f^«i TOT I ■ 1^*1, ^ «rff% 

TOT I ^ '21^ ^i9t«i 'srt^^ «F5 

^fnrfwrc^ TOii ^fefi| *3f«t?i^ 

^rajnj <2tT%T ^ ^srtft^ i o!i| 

TUrl ^c*nr >8 i 

'siWf ^*1 sn I 3t^«i ^ ^tOTT 

iflMs <2t«it5i brt^tfe I 

(locomotion) « Wl*Hrl (Btimulus)—fej%W '3 
i2rt% w ^fiRr?r *1% cwRn:^ ^t>Q?l ^ i F5T«ife 

^ <«(lf%i:5r«, ^f%OT ^?^<2r$jsf'«3f% 5Tc^ I ^ 

%£> ^ I 

'srrc^rtm 'snrro*! 

^ I c^t^T c^ ^ ■®iti9ri <rf?Rt?i ^ ^ 

^ ^ ’®rrara ^tat^«i I (R'-m 

'Q ‘TO I ^twtwl, 5tlpjf1, C^TRr, 

m^\un TO ^s 
^ I ^51 fwrsiir 'srt^ti:^ ^£i;^« 

^ I 'srR'R ^Tcsr 'Q 

f 

'siftsrtTO if^^n «ttc^ I 

*R 5f?l fefiOT cTf’ift'5 c«tlt§t?tlwcsf!t '=rt^^ 
?if% '9 aw»[’tf% (?rf«i!;^ nrs5i ^ i fefvrftrm >a^*i spytc^i 
« 5t<l»iT 9 fSKrTtfs® ^ aWtOT *rtofi 

■ aic^ l lb ' s ’Jf%'«f^ Tffef «itt»i1, ^rWirfsf? 

*frt'^>'«l®I» ^1,'s 'StC’fit S^*t*rrtt (stimulns) I5t I 





«)8 


"STTO? e ^913 TRiCT srtsri Ttw ’PRt'W 
’F^l '^fC’F I ertt WS ^ W I "^a (sponge) 

^ (coral) srm ‘2rr% WS I 

<2tT% I 

9tfe srr^i ^ Tr?ri^f^ 

f%^ ’Ife 51C1? I 

(respiration) —"STtr^ I 

fef%? 'Q <2tt% f^sni '^jf%3F5r ^ sri i' 

fefef '« c^srtc^tTtwsr ^ftCT5{ 

I c<2rtc^?ri^OT 'q 

^W?i ^C5T C‘2rn:fet?fm 1%?rRs 

1^1 «ii^ c^fet?rtwc^ a *ife 

^©tri ^1 f^WN*r 

■« 

^srtTtr?! ^ c^ti:fet?rTWOT 

^ I i ^"5, 

-51^*1 Tt^-^-'stWt^- 

%am>5CT ’sft^-(2rsrt^ i 

?i<!,^5t«i ^ ^c5t ftf4^ ^f%c^sr <st^*i 

^ ^ I <21^ ^5t5^ Wl, 

Tff^vj (2n|f% ^CTP?I 

'aiftlC«rH 5J^«I 'Q I Cto1 

1%5f ’®lf%C'^M all^«l ^131 'Q I 

f3Tf.»r 1^1 ^t^, 1^ ^ 

^51%^ (Tift^ ^Q »[ft^ ^t^-^^-^5lfrt|yS» 

-‘tlrot’t I w^TTf^ ^f%ir wc^T ^co ^%cw=i 





^ ^ 'sjt-n TO I ^vf- 

c?fc^ Tf?i5^ nrm-tsiTO TO I cTOf CTO c^5? ^cH 
TO-<2ITO (7^% ^ ^^ItCT I “ ■‘Itsi, fSf, TO >0 ’liTO 

C^ TO 3F^ ^f% "tltcTO, 'sTnC-T^ TO“<2ITO C=rfH 
^?n TO^i 

TO-‘2TO ^rfl^TO <2rTO i ftTOtar 

^5T ^rtc^ I fo ^ 

<?f’?n TO^11 

I 

'Q ??7 fpropagation and death) :—W 
TO tr%l «rtf¥c^ TO I «i|^^ CB?fel fef%Ff >8 
•<2rt%?T TO (?f^ TO, ppli TOCTO #t^TO3?J^ ^ ftp5^ I 

fefivf's <2rr% TO 'Q TO <2it% tot i 

T®T^i% '8 <2Jt%?r »f% Tl “iflOT 

^?“f frro Tft TO I ^TO to 

Tic^iT<srw5R (asexual propagation) I Tfwf"*! ^fttf 'Q <2lt%r 
'lilTfe ‘*i^CTt^ 'S vilTfe ^ICTlT Tl fec^ fsioTST TO1 
T& ^ 1 ^TOT C^*f «JW5(ir (soxnal propagation) | 
^Tt^I CTt^I '8 (2rt%[ ftcTO ^1 ’IJICTtTO farfip© 

tS To I ^^tCT (partheno¬ 
genesis) I fefi? N8 <srr%ftc^B 5ir<g TOi <£rTO 

<2t«rf#l^^ TtcT I l^pfh <1TO<^?[ 

<2l^S(-»f% Sf^ I 

TOfiir*itPirT ^frot^rsf (adaptation to 

environments)—“^finr '8 TOTt?I 

Tfiral ’^tTO'rai TOro ttsi c^rf^ 

I—ft 







^ I arm « hffcaj,: ipi ^ « »rtfii»rrfW 

'Wts TRrt ftt*frslCT <2wiB« ^ «flw i- ct »wn 

« <Stt% *ITft*tt1^ '®Wrlt TTI 

•ttol si1,'5W^ ItfOTl "ttf^ *tta al 1 

's >211% «Ft»r ’Tpr TOi, «Fc»i ^ 

C’TWSl ^filCS ^ I ^ ^ TOf, 

^sWwi Wi’Tt’T I w»Rt^-§l%>ref»r 

cir«n nts (?i, *iftara sit^iT «ig?( •ift’rrtfl 

irtw I 4^ »w»i «mt^-felWa *rw?f 

^ (stoma) <11^ tfcRI "^CiF Hi fe*IC?ra '«C^ I 

^Itw® fe^lwf «ttf%C5 ^«|1 ^ I HttBS ^Ifc? >«wfs 

Hr?a< «tPl (?ff^ *rt^irl HtHI ^ »m*l « 


HW^'TOt I 

'Site? I fesrfpra 

Hfnftt'l^ *t#taRr Ht«IT HU,'Sim Ht%lH iStomt Ht^ I 
sRPgf^ «fl? HBSlBa c^ ^1 ^'Wm ^ 
nm Hi, HI HH HH C?t% '8 *9' HH, HI HH ’T^ol 

^1 'SIT5 *«'¥ HsHI, WfPro ^ <2ttHW Hi ‘flH? 
HHH W, ftrtHH HCHJ ClfHI OT i9H? 

811 ftCHH HCHT ^ HHiSI ’tfH'PS 1?^ fNf feH^ftHH I 
^«W1H CITCHH §1%H ^i2tHtH*CIfC»fiOlH HC? I CH’^ttHH 
^f%H Hi CH^, 'SWHl «ttft«ttf^ «flHH- 

Ht*lHHni I 


iStt^sR HCU 


*| 1 « 1 I 1 HtH I HHTSH HWH HWH «tt%l 1 HtH HtH I 
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^ m \ ' 

<2t1%C^ 'Siwlc’ij TO, 
Vi)1^lc^ ? l ajITO ^TCTI^ ^lft?r ^ (?I^ 

>i j ^inj ^suft ^ >8 ftro ftf^ ^itc^ I 

^ ^ ^rtc5, ^*rtirfwi ’<r ^ 

^rtte® <ic? ^^1, T[^*i c^rf^rl tot ^ 

•1^ ^ I ^ irrfTO irtfro 
TOR ^JTO w[^?n c^tfe 
fefro ^*R5 ^1 ^ c^tfe 
fefTOR^^pn 'Q^-^l TO 
C5t% ’^pRi 

^5T TOl ^Itffe^ 

TO 'Q W TO^ I 

TOf?[ TO aiJt5fC<srr« 

(Mangrove) I TO^'SftT®^ 

^1 <lH^<tr^' TOtTO 

TOTO fetof?r ^srro^R ’IRr^ TO TOt ^ 

fero^*! I 

cTOri c'fRiTO 1 ^TO 

ft^TO Tot ^ ’Ttftrs 

<TO*f TO I ^ ^mxm ck*f ^ fefi? TOt^ to^ 

19^ I vfl^ TOci*^ (stilted-root— 

'x!^ fesr cjf*!) I TO ^frotTOR 






f»)r 

'9 «2rt% '9 m =rw wwst 

^1 (?r’?f, c^fl %1 wi cell 

^rtfro c^ (?T ^lwt^'®rr^, %l 

OT, ^sitc^ (71 Ftfe ^rtr^, ^ “itf^i^ 

^ ^ <trfe^ c’tcer ^ ^ "(Tf^ dm 

srtc^, ft5T %i OTI <2rr%9t*i ft® <ii 

5^*^ (drfe <21^ tal ^tFt^ C5ll I 

c?^, ft^mtrSi, ^mi, c^, cmt^, 

^trPi-'srrwi, ^ti tt^ "srr^- 

^4=( <2it*itrFmi ’t^F 

Tr?r sn i ^ ^^-(??t^i, ^^rr^r, 

<2rift <2it% ^11!:^^ 

tt? in I ftii, <2rf'« 

c^ (mr <2tt% ^oWft^tc:^ *n48 ?Fnr sn i ^itsi ooc^'si, 
ift^, wi, '=rr^i*f ^ 'Q 

^«r wm ip® ^ •, ^T8* 

c^ ^mr ^^'9 ^ id I ^-ftife, 

(2p|ft ?ltm ’IW '9 W^ c2tlfm^ 

^ c^ utiFl (TT, ’fsp "Ttp '9 arm ^ <?rftc®r ^ ’tt^ I 
'99f artit ‘St^ ^jtc^?r ^-^51 ^'fesT -n^il ^vc^k 

^ tws I ^srciT^ ’itm ftm Tl 
'sr^ c^ <2t^t^ ^srm^ iit^i ’ttm 

>9 ^srtir ^t?r wi?3r 'a 'sim'^l to i TfWt 



»i» ^ ^ *111 

■’«ni»ra ’ttw c?i% (swii wpwij ?tMl?<3^^ 

c^ c^rt ^"tt^t»ra «iii ^tip? 

(<Wl^ «W %»1^ 1II11IW1 C¥t!t 

"flit w, t^ vs, #1 !fl'^, ^ ^*1, 
?»«ii^f%? »iWnT'■(ttnw TO» j 

.c^ ’“w cTt!i«rflhr«tflr, 

(ww 

5T^ <«? Tfisni tfWfrtv 
«t^ «rtl%3^ >11^1 » 

»P^ Jltt, c^ »tSt5 «IT% 

<SNC5I1«' «lt%? mft«F C5^ « 
newt 

’^2F?I ^ I CW, 

c=¥t*( iStt^ *lt«t?f «rWTf, ^<W 
,®ic»nt "etwit, 'awn fpnt wtrm 
■IS^I Wf»HtC^ ttstsi 

^-»w»r ^<11 ««*i, anwvi 
nCTtw <?<! ^ I . oftiafii fea 
ow c»fWi W f%?K:»t ^ 'str»i9 jt® atttf 
sftsrts, US'S <Btc»ra • •» *|kti ftta ow 

<«¥ c*ft»i <t) inot artf^mi ’pm ^%i ciF’^fSit^ 

^ fn stcf, enw I Miltac’^ '*)i!%m'!?fRti« 

^niRwi 'arfK »«#?rt iBtn ww, ip siiff ¥f^ 






^ ^ I 'a*«WI 'Q Tf^- 

ftfVI fittPW ^*TC5PF (7f^ ^ I 



«tt% W9Rt^ ^ 1^, fe<1^ 5l1 «tfe9r 

»rtr?i ^Tl I aicIfT TO <?f^ 

ifll fTOi c^^spTitir TO^ «rrsihit ^*1 

TO tin? sri I ^«?r <2N^ 

fTOl OTtI ^ ^«tf5?r ^rroi ttc^, ^«1 TO 

^ sn^ i fro TO TO"^ ^%l, ^5W? feS^TtiT 
^inf ’l^t? I 

’Tf^I ^3?tmOT ^%i 

f *it^nni TO ^511 05 ^? 

•iffeni C^ I 




I 


^rtint ^itOTt ^ cfffin cst^n Tft 'ttc^ i 
<a^ 'fft’Bt TO «ii^*ii»rt^ ^ ^1 

<?i^ TO^fiM <2i^ TO ■'iRu's sn *tf%i »i»iiipf TOr*n «Ht 

wi *iwi 


«Wirfiil 

(^) hpfe f% ? 

W tm-«2WFr ftf ^ ? 

(^d) 'SRTl^ ^ ?pvi 

#l^<rf?r*i TOi wpQ I 


«rtsT’rtcfsf #N*?-5f?r8 

^ ♦fthPl ’vfiicai ftiRf^ '5r?*t®f5T ffe firg 

^ ^ I ^t?i ^ ^ ^ ^ 'srtn 1 

^ ^ ^ C^ I (XWTo ^te ’srtn? I 

^rrfeRT tfR? ^ 'SRTt^ ?rlTOr <rtii«i toi i 

^rlm ^ 5 <4^ i^^fS lipFtsr 

1^ TOii ^ Ftfe»r 

I ^|t%l FtfeiTO ’ttcir c^ ^rt?tft ’ql 9ft^ ^ 

^ts^ri ^ wcm 'srt^«i, ^srfm*r^ 

« 

'»R»t ftar I iRSRr »tlTOl «rt^*iTO ftiro ’itcn »ilf?nn «fttv i 



PlStsT-'srtC^TtBSII 


<2it?r cwi ^ 

^*1 TOf I %:5 «i|^ <t1r*f C^ ^t( c^*!' 

c?Rr® I vf^dB^rtar 

ftfwl ^ftc^ TOf ^ 'iftw (?it^«i ^firat 

^•fc^ etwt^ TOT I ifl^^fB^rtisr ftwr ^ ^ «ii^- 

^-fl^ ’itr^ I 

^ I ^fW 

<rl^«i 'srr^ ^fe^ »Tt1^ ^ I 

^ar '« ^t'Q—^ 
ft^, -stf^ i£[^^ ’imt^ 

^t'fl I ’IWsfsj ’Pti'a^i I'llC? ^ 

»if^l I i2tf^ iaf% 
»Rr'»ra ft»t?i'5 ftw ^ uwfB 
nt^i ^«.’W »r^5t?r afe 

^’1?tT ’tt^ ftfiral ^ttC’F I ’tt^lK 
^psT? ’R'.ft^, ^lat 's >iJrt^?rl^ 
ftstWili 

«rtst «rf5 *1^ arf^? 

^1 4^ ^ 

^nwfe *ff«ii 4’R ( 2 | 1 % »iwtir 

^ i2NCT ^ ^ «tft^ 5 ^5lWf 
f«TOi <rti5ra f»r 'Hct i ^ *w (WW ^ >f®i, *Rrt^ 
c^ >9 iiwfS ^pSc^ <m:^ 1 5«fe *Rrt^»tc?ra 




IfPRt ^ ^ <11^ 

^ *t?rW blftfic^ ^tTf I ’fSc^Hnra s[|i5 

« 

Cf^ 9!^ jm ^ %l 

•5n[*i TOi I 

Tl ^ 

^srart^ 1^^, 

^ N8 <riii*i ^ I ^ ^ I 

* c^'^rrcs? '®rr?:5, sn i 

fN:?»f's ^ ^ I c^ ’PP^T 

<2tg?r ^, (?^ 5R ^ =rp(i ^t=f 



«J«arr811 


i'i) *rfi?’m:^ f^r« ^<5n ^ i 

(^) 's ^ ? 


Wtl 

si&a 

^ :—^ ’PSIC^ 3|fef ^ I 9*ft5 f^5j5?t 

?ttra ^ca^fe fiw vsT *ttrf ntwm «rtirT i ^»ta! ^i?c»i ^tfea 
«*f51^ aftfel aW, >4ia? ftarefn «!if5ral *t^ i . 

ajfes flw ;^ftOTa cat’ll aW 

*0^111 art, 'srtrt srrt ssa i gcaa 'atHofst ^faw , staca 
'a«^artfrtfrt ^ «t9 ’rt«r al aw crRc® ®tt«ai art •, 
^atPrt art art»-a»i al fN-'aai ^ asi ’jaa' a'firtt 
caai art, ^artl ^ ^c«a arti «iaiS area ataifj 

^ I Sn*l-?fr9^ vi|%<2rt^ ^ 

I <2rt^ ’R*, ^ 'Q ^^rrsf ^*1- 

^1 <«nRFtc^, ^ ’ft^ 

'aRT 'e 

♦rfe®! ^ I fwm c^ ^ c»rm*i 

=R3f ^ I «rc^ TOi 'Q ^ 

^artw ^ I c^ '« ^"nt^T 

^ ««(tc^, v-i5|sf wsr, ^ 'Q «2rTt!r •iti^T-^snTR 
’TOra (R^ 'Q ^1 5^ ^F%1 w 

‘S ^ >8 c^TRrhi ffew fin cnn c®*r 
^n n% ncT i %i5^ fit^F nW ^ 





It 

<it?r*i TOT, ><PR 51# ?pr cttw ^fipft? <rar 

«ttc« (3rt5r §«.*(!t ^ I sic^ 5jr»ra ■st^'st »ifw ^fiic»t c?9ii 
irt?,V§?El 'ffiri «tft^ 5 "W? ^ ^1185 

ft?1 5f«IP5 sfsiW TO*? '*tt^ ffl =11l |f*t? sitt \9iatt I 



5rtf» TO « «(s 


giC*Rt ^ '!rn»il «r», =Ttf^ «itc^ 

"S ’Iff *1® flW TO! I 511^-^ C^t^l ^-TO 5^ ^#3 
feSfl ’i89-f«t«ir fi "s «ltw aWfr ^ s 

•W ’ray? ’It® ®®#fn ^i 'S’R’i^j ’it? 





fsiw? <2tort«f% »ra<nr «iiw 
»ni<aw 'ft^-’qtad toi ’itvfti'rs 

’tfll *tt5; 53 3tPI3 C3ft ^tCP !n } 'aifl'Tl* ] 3C«0^ 

Ijn, ^ «rt33 3<*t-?wt3 31351 5t3 I 

•Itsi « 9515 3|rJ^—5(k33 *t1^ C3lf«l5 31 353®I#t I 
*tn5t3 %33 C^ffet3 5^ *l1t< 5^ 35 9335 3H:3 I 
31^ 3T3t3 (?rt5l '353331 3W3 '33|'5tt33 3C33i8 

'35333 '®rt3r< 3f335 I '3t3t33 *34H^ 33 C3f»| i 3f^ 31 
-^3 C333 'S|tal3 3fe3 95 ( 1:3 3t3tt3l ^It3'5l^ 3C3 t 
<fl9 '®tC3 3^ 3(5 "3(33 3(31 C3(3 3153 33333 3^51 933 
%3 3(13(53 3f^ 3tI3 I 3(a|3 3l 3ttl3 3(5fe 31 ISC'* 
5'5(^ 3P5 I 

3(5 ft5iC3 353(31 '3(33 3(3 <$133 3113 3 '5(3-121313 3(3 

srtir vn^Rt^ ^ 

TO I ^?r ^ TO I 53PT 

'STsTO Ftf^ ?rtf^ ^ 
TO I ^ ^ emPi^ I CTO CTO 

Ts^ ^ C’St^; ^ TO 

I ^ »if^TO 

’«rl^ <TO I ^ TO ’H'®rrci5; 

TO TO TO CWt?; 

TORf TO^ ’f^c^FTOr ^ 

fcfltntTOij <?nr i w, 



TOfi cftfe «t*ri ^1 

^ <sw?( aiWtcsr 5T^^?r <«rt^ j 

srrsT (?iV^11 ^f*tiS ^ 

R»'«c< I ^t^^Ti7Ptr!f?i ®rc<fr ’InWi 



5 i^a ^csnr <3151^1^. '« ^91 

«j»r9f *5^ cwK 

aq^B I ftfwl I 

Trf^ 

’l^c^ ^ et^«i sd I f^ '®i^ 

^ TOi W 

¥C9T ^®i‘^ 5(1 ^iri 

<rl^«i‘TOn ^2fc^j^ %m ^B fw ^ ^^*1 'srwN: 




^ I SR ^ 5 w»r, '8. 

'5tc*R ’tWc’h %8r[ wN® ^ fl«r-*rafT5 >115 
<it® ar?«i ’ffiwi i?ir, <w 'iTjnikn ^1 «m?t i 

«i'Wf*n 

W =^3 Msfl ^9tinftf%TW^T 
(«) 51^ fc*ra ^ I fc»i?t f%? fta 

f?Tl ’Fir I 

(s) j|^ fcsv ^rf^ c’F’r t ^ 

^»r?tir w I 

(«) iifeit iscsnt v(»ii>c^?i iFit I 


C#C5l 

wcFt sttiSj^ =il»r ’Fciri ’iwc’ni JttfSTO ’tsittsit ct’i^ 

^ W’ll =1(9, 'sW c^ ’itt’iit 8fs TOt I lartit 

(?11wti?f«f ’Ttftll %5 >v ^ W '"t^'5 I 

C#l iStH >8 %5 *1%»T, srriBit fcll ffe %B f5t?t« 
^TOtl tolt C’Wl ^ «ttry '9 1|||J|4IC«1 ’HtTfelRt o^tw 

tirtin C5tfe >8 »twit ’jjft 

''im i>tf%w ituit I <ttr5?t ^ *il^it 'srst^ •■itfe ’ll ’ttiBit 





CT’W*? i'R (oiganio matter) 'ttCT, 

■'ftwrcn aw ^1 5l^ « *l'ft< «ffe® 

^rsitiI 

c#ariw'Bt*i ^%i •ifW 

c^ I Tfirt «ilf^t»i, 'snsj^ » nf & ^«ftcti» i 

PnfeS (methylated spirit) epi <BtTtlI ’Tt<IT 

CT%»r jpw CTC ■g| »i ’fftiri ^«ri7i ^ i 

c*C5ia »wl« I (jrc^ t ^ 

► ^1 ^i[W5’rt'ifhi smM «%«smI ^^pf^orf^ 
or^ *rt^, ore irre<lce (segment) f5rw? i 

^^lore orre ’itJfrei^ »•• t%«f5 '=iq^ »re 

'Ttire I »fir ’jitre otRct^ *ltf^ ct, ^iptore orren 
<«ret=t *rrei» 4tp^ ftfesn c»i^ srre jFt^c^vre 

(cliteUnm) I fWS f^fSpS ^ ^ ^tsife '!l^ I 5»rtWin 

«ra ^!?iore »pre orre <vf «rere^ *n ^ftns i ^ *i?- 
'efttre c?rrt ^ ^ i ^ C5tw orei ti? sn i 

^ otrere ewi CT, c*c5i 5(05 «rf^ «a^ Si%»r 

CT< <sref ^precn ^fsrai sict w i 3Ft^tS*re, (sresr '«i^ «c^ 

5^51, (Sire jre»t H»iitw (ate ’pftn 'ttc^ i 

rjirt (at^ (are <tic^ ipir® ntftia 1 

3pfe6»ic>ni "^^rre ^ c^tsre (area rest's 'sre *reref^ 

lan are I arere >«i6 atre i 

aoaa (segment) f»tcte (dorsal) <wfB a? atiaf^ 

orai^re i ^ cssife atref’wis^ c^rere 's4r (prostomium) i i*taa 
«'«te are) c»icte fare (ventral) (?r c^ % orPire 





’ttWl ^ (mouth) ^ 0(m ^ 

^'c^ cfto ^the?rt ^ •It? ’ll flir (anug) \ ', 



^jiort (dorsal «ide) Ittf U Wl (ventaral «ide) 


Ctol 4'^fllW (hermaphrodite) 'Q 

Ctet^ OfOS fefBCWrt (ventral aide) 3Ft^tfe»rOT 

(the aperture of the female generative duct) I 




\ 0 > 

^CTtfiC fw (th« apettuxe of tha male generative 
duct) 1 3T^«r 's &5rftt»f ♦rtrC ^%t sft '«ni 

’tt^Ti’qt^ I fl^ ^*iPrai ^^«r5 ^h\ 

(genital papillae) ^ I 

CTO ^1 ^itCf I CTO^ ^ItCfWR'e 

^ 'Q *[^3? ^ ^ 'S ^irl 

irfeflfff (?f^ ^tui ^aw^nwir flOT (aper- 

mathecal aperture) TO I ^ 3fi|^ 1^ I 

PfC^ 3[TOC5f >9 15C11W Tt^ 

'srrw CTOI ^.U 

f|ar Ctf^ 1 .t? ^ 5 ^^rrfi^TO ^fiiaf (dorsal 
pore) TO I ^^\t TO1 CfC15l »ffhS[ 

<2r^'t?r to i <tp9c^ ^finii c^fftiitc^ (?t, 

^ (Tj ^ f[«rr^^^tDni cto to, 

7^ ?i»r TO1 srrftifi cror i 

^R»c^ ’ffHi ^#91 c*ff^Rrrci5i (?r, «sr<m 
TO?i ^ic<(T c^fsi Tf^r Ttftin ^ ^Ito, 

«FTO, f¥« •(cTOt-nfe ^ ^1 

'»rrTO «R»f ^f^Ji ^^ercw 

TO <71, ^1^ ’jWTTOfecvs 01^ TO (tail end) 

TO »fl^J3:«5rTO.(anu8)^cq^?<?TOqr^’fl^^ 

TOl ui^ TOt^^TOf (tail end) ^ttS^S ^ I C**lOT(tt?r 3S[^ 

^ TOtn ^1 TOTOir ’iftiTl TO I c?’*fl ^rtlrsc^ c^, 

» 

’Ftftn (TFftiTT <?TOI TO TOCir TO STl I ^ TO1 
I—<9 





c^CBtc^ •fl’praiCT c«rt?i ^ ct, 'swm fstPnrt <st^« 

(.^^oU'o ipt I Wl'P |F*PI (grafting) I <OTfe- 

c#a>t« WA'sf’t, ^ <«f5 ctotj *w«,«tc»ra ^ 



rtwjcwi^vw 


C<r<fl ’ll? CT, ll?fe [9Jt '8 
I 

c*wi^ mf*i ( alimentary canal)— 

<2m ?JI, (pharynx), ^ 

(oesophagus), W?[ i^ ^ 

(gizzard) I ^ (intestines) I 

^ (?TW 5f?rai ^iX%p9 I 

W (circulatory system)—^ 

^ 5rrt% ^ ^ ^rtft, ^ 

srrft 

^ Vi I WC^ *ft5 (Wt^ ’Ttft I 

(respiration)—^ VW »rm ^*1 

C#Cm ^ t? 'It^ l W ftlll 


SRI ^ ^ I ’J'fvatw 

C^ ’Tfl-^ JTt^ 1 >4^ 'aiftWH «r® »rtm >#![ 

(sense organ)—C#Ct>t? "'tPflsni ^ iSW?! 1 

*lflnt?i Tt^ 0(K ’life® ^ I 

*ifW ^Ffinii (?ffsratt^ CT, cTtJf *1^ 'aftro 
*it? sfi I tiftpni cfn I f^s (3f^ f’Wcf CT, iftara 
.'sisi's »i»st'^ <?Fl5t (?fpr ^f^P5 ntfg’Ftc®! €ta 
*tf^, m. TOi I 

. c^iFtf? f*rtit OTWI f¥« <ii^ 

i2tt% W’H *1^1^ TO I <«s*f ettf «rRf 

^ I TOr?^ sjiti, *tc^ <tt?i, '3^8#) ♦rwt^ 

’Ttfel C5t§ C^tS ftfW (casting) OTpffll^, 

C^CBT? »tfil'Sr5'I bi®tr=W TO^*tO 

^ >2Prr‘l ■■^fSSlCM CT, CT CtoRlI 5|l1§ TtlB?1 fsTO 
<2R:^»t TO, %5?t 5(16 6to ■s[tC3>I« 

5(16 c^vs "^l^F TO I ^TliTO ^5ra Tt6tK 

TO, %5?[ 3(16 TO’tl ^?1 ’d'sm, 51165 5[C«U 515, «li:5(:*t5 
^<(1 55 UFK 'SlTlTO 6fTO5 ^ 5^ 51TO^ 511 
?f«TO 5(C«a 511^ HC’F I ®l56^src'f5tt^91tl!('(?t, erf's 555R 
■f 5rt6 C^5| «(% 6*15 ’'Rift'S 15 I 6*R5 

56(51% <MS\ 5lflW5 51, C5I1’? '511151 555^ 5rt6 

si^c^ 'S fent's 515 ItoCII ^ Itlle C^ ^t5[ftl5 
'®(1I5l TO5' 65515 5ft«(:g ^ I csIRtf C6r5t5 <6l5 ftH 5(1 
515 t 5fi5lCl ’(t'o C^CSi itw «(t5(5' ^f(J515 '455 era's 15 I 





VS 


(^) ^ I 

(«i) f9i«rr^ ^ ? 

('s) c^cm tm-«2itt»r ^11 ^ ? 

(8) C#5T5t^ '9 TCf tw «ft^ ^ I 

(*) c^(.»k^ ^ifBc^i ^ir ? c4c&i^ cwt^^i^r fV f 

'srcwr^ ‘2rr% ^ ^ 

'sicw^ 1 f^^tf^i, csikrfe <mt^, ^ *21^1% 

(srr% ^ car% c¥R f%=r ^ 

iiPF W <2tt% u?^? 

\st’t J2rt% I 

msRT <m f%5{fe 

I Ti irf^ri 

(head), TOT W =^1 (thorax) 

’p^bro c^fe (abdomen) I 

?fTO^ ^ «rk^ TO ’Ftfh 

^ ^jmc^ (antenna) TO! I ^8^ 

^ crrf^<TO 

*tk^i w ’it^rf^T® !(? cft^ 

cities (hair) ^It4 I ^ftrCI 




^-TOTl 


Vft 


^ c^tw sr^^d ’«im TW?r wt^ €s]% (?^^ w^rst 

ij»ti% (compound eye) ^ ^ I 

’S?!' <lr« (segment) firwff I atTSJ^ ttra^t 
ftlOTW CPRW^SI *0 «r|ll( I ^l<fK ^ictnn »rt9Si 
c#t »il srtt I «ra »l^c«Rr '«tt?t >ot srft 

( hexapods ) I fe»R ftw *r5C«ni *P» ^ •t*Tl 

(wings) *ttc^ I *rtf5ra 'siin *tt»CT <?tt5i >«? 



« wi.«ft cn. 

^ ’I'SCTRT BlJil nmi, »t1»W« srt^, ’Tit I 

C^ <5(511 ntC5 <51^ 5^ I C<f»t 

1(^ CTl'Sl 'FW , (?PH «Wt*lf%, CTlTtf?, I 





cwrt^l ^ ^STtr^ ’W'Q 'srrc^ CWT ^ 
^Jlft I <2|^ Vbl^lWl‘-T I 

‘^•1^ (aptera or wingless) ^^Tl ^ 1 

1^ (Tf ^ ffi, ^5T^ ^k 

<t5«r I 

’^ft'^I^W (respiratory organ)—^ C^ WHfe 

I ^?F 'Q <2fC^ <ttr< a Cfl^ cct^ 

% c*f<i ’smr, <?r®f% (stigmata or spiracle) I 

i£l^ %'^fiT (M^ vH^ «2l^ (air-tubes) 

^T Tfer C5ff^ C^, W C^ CTfsT 

wf?r fwr^-t2w»i ^ ^ i 

^«9rl, ^%tff c*fRr5T ^itfe c^, 

OT <2t^ 'sit^^i ?FlS=( ^?r*i 

a ^rfsT (chitin) I CW^ 

^ ^ <2[^ ^! sn:^) 5ir«fT ^k ^'^•i 

<«(tc^ I ^sriwl ^ i 

HfiCTI 'arcsHf d[k Ctm 'srWa 

^ ^ I ^ ctr^ 

I "srr^i^sTt^ c^rrsT^T ^rt^ ^i, c^ c^ (?f%tf. i 
^^fiirf*T (life-bistory)—<1^81:^ ^ Wf^ I 

^=rt^ a ^ -sftR 5f^ c?Rfc^ f^3r^5t?r 

?ii*f ^ ^5rrff% i ^ i 

C*N1 ^ C^, 1%^ ^RTl '®l^ 



<2rt%r 5n:<(T i irt«rfii‘i« 'srtsi^ii 

pffirfB ^RTi ofPtrs *tt^,—<sNJ( ^Ti.Wnt 

»rt^ (larva) f^*t1 (pupa) 'si^ uw? 

(imago) ^ ^SRTl I 

^tfer ’^t^l ^PrT (worm) ^^5 C*ff^(C^ I 

"STt^Rrl Tl »it#1 ^ I c*ff^ f^- 

^ ^ ^ I ^ 5(1, ^|rti[t^ ^TTOl'Q <11 

tfit^ itNI w ^tc^<it^ 

^ ^ ^ #1^ ^ ^5( c^ftsT^ ^'4 ^Pr® 

I <f?r, c?m ^x?r 

<2r^ ^^*1 <2t^ TOT ^ TO I 

^ ^n, TO 5(1, i 

t^tunr cTO^ '9 ^ft?n «m:^ i 

=rt5( I TO ^ TO 

TO^«i ^?rl 'sTO ^<t«r <1^1 

<1^, ^ TOt^ f^trot^ w cfRfc^ I viil ^5(^Tr4f ^1^511 
I ?[i<1 Tl 'TOfef ’fS5(t% <lf^fTO 

^TO TOtr^f (metamorphosis) I TO1 C?’<1 

(TT, #lTOt%TO^ 1^ 1 

«lirait^1 

(^) <1^5m C*f^ ^FWtC^ ? ’SWOT ^<5n ^ I 
(^) “<3S?tf»F** f% 1^ ? WTO^ TO t 
('3) #|to1%TO I 

(8) <f®OT TOTO TO1 ’TO ^ I 



*1^ cir»ii ^ I =11^ nwcu-TWCB ^ 

^ 1^ *l%1 ’«rrc? ^W) (?nftW 4^ 'arf5«»I1 
’ll 15^(51^ sfertt^ f*f♦tc'g^r >rc»ra 'stwwwj ’'its 

srt^ I siftk sic^re 'snttff’tr? istg? «rf%3rtti_ or^ ^ t 
^’WMtr5« ^ I ’?'? »rin 4t3i5ftcf ’tfftm 

^ TOt, ^ c^wn 'siCTC^ CTRitti I ’ftc? «rf!i <iw «PpRr 
»It»r-^ TO ftHtst ^ti CIWI ^?1WS CT 

<?[ ’W8 JTl I CT ^ 

’fin nm H'W CT’il ’Tt^. ^Wff C9'm f*f*t^1 I nm 
ai>F apm C5tfe ^ fM*l®1 cWl ’Its, cnef^ WW? 1^*1^ 
’FTf, nl?i*i nwm ntm fe»ra ^fntn nttn i 

ctit *rm 4l»iw nro its t 

4^ TOs <2WtcTO f^*r5i nfirai csPtra i 
nt«its*i ’I'sws 9ls f’l^tfns'ts c«fif fei ntcn fsn®!,— 
«i^ SI sMi, si fv 4s? ^iRt si csfe I ^ «cstfes scsr 
4s^ cftfe fawHistis SIP nSs sttni ^rtcr Rncss 
C^tnnrai n?»t sfnro *rts i 4<fs stsure cntntsfUr, ’ftos« 
si csqjss sn I tsfpfs w St noTm^ n»t® *i®tws s® 
scs I cnUFts stfss^ nm nsl « <?risFl, *tcs 4®|8 'insr 
sstf^l cstm fesis ^sl f’tstc?, csPirs ncssSl ^csf«r l- 4 s 
siBs I w sWisT tsw *ts ftfst® *ttoi 4s? ns-ns 



I ^ 

c}rn?3 ?«<« ^f»ntl f5rt<^ ^ ^ sfl i 

<W^ Wtfl? (species) siWr SiW 

cwntsi 1^1%5IW,'5t^ Tt«r8 

•rwi ’n«rRi*R> ^rmi ’tWoti ciff^ir®*tt^,'sn[tft<tc«r 

(worker) Pl^)f»Wl ^ I *lt^ I « ^t* 

WTO »t1^ ®TO «itt51. (TOWn ^ 

•'sn?ic«f^ wf!! sfl CTf*(*t!TOs TO^5 <5(5(1 «mwI ft's ’JJW 



•fc-f¥M*iwimitsTl ^lift IsfSw ^ 

f*t^TRl '®rr?r*c<5 *lt<% 'srtti I <JJ-f*t^(fiiHr| 

^w 'siCT^ ^ I c»t^ ^W’1'5 fstsr's^ ^fsnn i 

TO5ral *151(15? OTfstPS *tt^ 5|1 I srfTOtW 5(C«(J J[C<(T 

TOsitm ifTWc? TOfSiTO cirfit I '«it5(?n ct 

'5t-(l(?Cl‘( cif^KTO »ttt, '5W? 5ic«(Te 'srrti? ^ 

awl? «rTO^ f^*li'5 OT«n ?t? I '»it?ftc? c?t^ '9 »i?siTt? 

t? c?f*f, TO? >«5fft C?? W I ^?t? ^ ^J?? 

TO5TO^?t? ?? 5UtRl?»l (mandible) ?<9 TOW I ^TO?t^ 
f^^1ftl?1? b»lf5W (soldier) I liPR 'SflRw C?, 4?'^ TOft? 
W*K<5? ?tTO sTtsfl ?it*t? TO toTO^? f*I»tW TOSTO ?1? I 

*ltTO?*l f^lTOTOTi TO?tfHw TOrost^l TOTOTOt TO? I 
TOWTO TOf%? HTOTOT ftif?at1W cwft W»l (sting) TOT? « 



ftatst-'srtCTtBsn 


stew PR ^?Wm »tftar ^ fwT, 

'»ii^iii '^n?% ^*11 c®t»f «itf% I 

m 1 

"c=Tt^ ^ =ri^ ww ^ c^ <2rr% 

^ <itc^ ^n f 'sitwl wtf% 

a, inm ^^RiTTri 

^ ^ ttc?? ^ ^^t%i ^ ^ I 
flf% <2i?:«PF ffcsjir Tt^rrsT «33 r, ft 's ^ 

I ^Ffbf^ 51OT ^srw^ siT^n Prst^ b^f^rc^- 

^1 ^ f t^i TOt!it5T 

'srTci^, lilt ^ 

srt^ i£r^ ’il^ I 

ft-Pf^Pp^n iii^^ ^sr <s^^t ^trfwrt 

^ '®rar c^ ^ ^ 

'srt^t ^ ^Ftfetij I PrPral ^iwsr 

'sftPnn oti 1 

C#r 1 CTT^ 1^11 «ilt^3^ t^tC^ (queen) Pt^tpT^ 

^1 ?rrfe^ ^sitPir© <m ^n—^^rtt 

^1 ^ I <ii^ 5rtP( C5f^ ^ 5^11 

w 'wr, ^frs 

wi I c^ ^t^t =ri ^K tW?P8 

’TS ^ 5ri I ?F!fNri c^ ot ‘Wg 1 

^ I aR ’SPWI I 

^ ^Pral pR^pwr^ ^ ^firai ^rfe^, ^Pral 
srtt I ^ <R?rt^, ^tfwrn wi, ’^rt^ 

=Tti^tOT ®rr9H-‘>tt5iiT wi, ^ ^iSsrrfe ^ 



5rf^, jrRtWf? ^ 

5r?3r ^ ^%i ^ttc^ i iiWiil' ^ *tw^ ot, 'sWii 

« • 

^ ^ STl I ^*1 ^ 

^[]|c^'"wr‘5f I ^ ^ (^?ri ^ 

C?Rc^ ^ ^ Tf\Km ^ I 

Ttc^f c^ ^rwm (?\ ^ (m^\ 

fsic^ =n I c^ i 

'srti^Tj ^ I '®i 

=TC1^, <2ipi ^ 3 F|s|sij ?[tC^ I 

=TWf^'*F ^ 

^ I TO ^ OT, '^t if^ ^f^*! 

f^Patc^ I t'^'tm tflwl, ^'^t5f5l, 'sr^o^^'Rr, 

<2l^fe TO1 '^‘t ^51?^^% I 

«2t^ <2t«rNt ^ I “wlfer fer 
«2Rrn:^^ ^f^ii trf^RH i Ti^^n '®t^t?n 

^rlfco ^fwl srffe ^ ^ TO 

vii^? t2rc^r^ i ■^t?i ‘SPfRi 

Pi^TOc^wi ^ TO?:^ I 

(71^ ^ 9lt5T ^’ftc^ ^5lI5T ^'^51 ^fwl 

<?ftriF I 1^«i-c^^ c?f^=Ti^ * sr5 I 

c^ ^T^ir*! ^rpri ctot, tRt fi^itR ^feii 

TO1 I <2t^roT ’FC^ sftfir 

?F%l 5i^iT ^ I 

?f3T (?ff^ I ^®T 





!»% 

ff^, ^?1 ^ f%st ^'sTtfr iW ‘?rfft,’ ‘?rt^' '9 ‘i»is' 
»nf'»’ijwc« »rtft ^t%i TO TO ^ ^mre i ^ 
TOflf 4rf% »i^ ?® ?itts(, *rtcs5 ^firtsi 'r»ral ’W i 
ft i *iH» i^ t t>» i <rwr-aro a cro fem> 'sW’fWc^ 

^ftral iTO sfl I 1^ 'TOf '•tf%^ »rt^ I 

’RTi #t^ «it^ TO^iw, 'sttn c^frai «KTO isfro 
I '5c^ TOFv oHc^ f*f*tr5 ^Ttti, '5tff?n >«mtis 
'TO-»NP|?( §*Rt ^^«f1^t*l to I '»*n’rt5 CT, CTO 

>TO r’l’tyfii im^rtcf, ’rTOn 'stf% 'st5PPTO?f ^icv ^ ^ 
wtOTtTt? ft:cTO «(t^ CTO, srtat TOtf^ 

♦t%l «ITOl 

’(tTO jsjj i|?aiif »rfTO 

*tfir5J^ '»R*t ^ifro fTO*t TO I c^ srfiral cTO, 
'5trtcT '5w*tt'^ ? 5 ®i ^firai '»rf%i ’fW^t ^tfro c’l'f^l cm i 
fiW ’ll? c^, ^?i »tfiis?!f ortfro 

I 

S5« »ttai «P9'srmi (?PI5t ^ ’jfwl "ttf^, c^»t 
TOW iw aiTO c’tWI «tTO I (?i^ c*tfTO1 

*rw «ftt5i <4^i2tTO ^«ra sp5 

to <11^ 

^ 'srW 'STtro *ttst TO I 
«i^ »w»i c»rWTO ’«'t<5?r 

C^ %1 ^ 5TOI 

C*ttTtfirTO (ant-eow) srtJt CfrSTi 

ft^l 



f’f’Wm c*iwi-<:»tW9 ^ (?nst "stM, 'sirtcira ^- 
^ c^ '®w ?^C5« i 

*t5i ^5 *tw «iff%? KtftftCT ^rsi srtTT 
cw ’W^i ^ c«mi cff^n? I ^ ?WTr 
fN f^*l?'mi 'SWOT "STWOT Btft*rOT 

-Sf flsf’[fen c»i^ W®fir ^ ^1 w wBi *tt^ (Sr jr 
W’W fiw '5«Pt ferw »wr '!?t5OTr 

.<Sh«f% wISn «rrt I W’OT smpf 'S ^'fwW i 

’it«u src^j ^ TWi ^5OT ^ ^OTT 5n:«n w 13 : 

Ttj I fsa srtf% '5 ’Fttt Slit I c>i CT ^ 35 3?, 'sw 

CT sfl OTpiTttf, 'SOT *CT Pot sW I (?[ (iPFti ISPI? 

Wa I ifsi OT 4^ «rc»ra OTi 'siftOT wi sn * 13(9 
4 ^ 4 ^ Pi’ti's 'tffN OT1 ’rt«, i(?st ^jF sPrai 1 
ftsrft fsj Pct'si wcsra «rt®-3ro sr ^[i'ssTef Wsm, Pitara 
OTts ^ ’Pfirsl Wwi 'Wwpnr <ifl?rl 'srtPwl wP\ ^ 
sw? OTral ?tt%1 OT I 4t swi IJM OTr*! «St‘t1'?1, 
^i^-sssrl t^Jlftrs < 215^1 %’f•W « 

*t%5 *lt«sl siH I 

Pt^tPiOT 'ft'iwf^^tfi srrtwi *w:sf?r ot st^ 

(TtRc's OTi OTts^i 'srwn craPitT Pt'ics's fest 
siPr OTot 'sot ^ •rrti I feif ’ll? 

<Wt I lisi ^ sit«ti WOT «rt« ipr 4^; 

'sWft’ic^ "j;? ’ll wW OTI ®rOT *(1, w ’ll cOT <rtc9 
sfi I Pl*OT fen ^c’lC’F cOTI ’ttPic^ ’rttc® on 1 H»ot 
>5]:ot 'raw *tOTnr ipwr OT fOTW ’iltc's wts sn 1 





f»8 

TOs 'Q (?f<i '»in I ^ 

'sr^lTl^ ^ fiRi^ Hfim viPF 

«PFt?r 'srm*! ^ 

^F%j '«(tCTI ^51^1 ^1 01^ ^sRTt^ 



t55t »n’^ '®i5 'el? 


5rc«a wri^f^’sn 5f^ 

TO ’TO CJH^ ^%1 I flu’ll 

W C?«I1 ^ C^ ft 'Q <3?P^ 

^ «m:^ 5ii I 

< 3 ?R 'Q ft f'^‘^\m'\ Ttft?r 

W5r I ^fl?il TO <2t?t^ ^5 i>q cTftI Ttir c^, 

^TO 1 ^51 ^tro 

^it*! i?-hiiir i ^uo TO ^'^iT^^ri 

t5^*Ffef%, nrf^ <2rff% 'siw (£11% ^ TO1^ I 
^iTf^TO c^ TO TO to 

arf^TO TO" I ft“H<1C^ TO TO 
ft-H^ TO TO^Q fttw <ttc^, ^trot TO^ 

ftirl 55 ^ TOrt^’t^ TO I 

f^^tfeiTOI, ^ TOTOI C^HTOtW ’^*t 
TO 1 TOtwti^ ^TO ^ ^rtfe '^"tro TO*i TO I 



St 

(4) ft '9 ’5JW '»t l »pa< <2ti:w TT-s I 

W 4?^ >8 aTf% Tt«f ft r ^’ift^ 

TWC’F’ICsIT 

(«) ft^tf»m5 4RtW, ?fw4 <8 C1?C*IW?t »raiaii ’TW 
I 


^ttwl CT (?[^ ’l?3PC ’FC?, ^iWfr»It5F 

Sf^jlft^ ^1 CTfttfl ^ I >flOT JIftst ‘srtft CTt’l 'ftrtC'S 
(?5t4Rn ^ ^Pi »m( CT ^srrsrRw (?t 4R 

cif’fl ’ll? ?5t?lPRI Jlisf lilDf? ®lft? 'Sites I ft^ 



^ irtf? ?1Hl 


'^’tl 8ftf5CT^ C5W iftt^ »rtft:? CT, festeif? ^icitj jjf^j^t? 
CTft sft^i ‘sitft’fl 51131 (ffW, <stt«r (?ft5rl% 





I ^ c^t»r3n, f^t^rtwi 

<2rfR5 ^^5C3r?r K? "srnpfe^ fm 

(order) <2tt% I 

^ (?f^ 

MHTe C^ fr, ^ 'Q 'Sitiif I ^C^ni «2IC^JC^!I^ 
^ c«rf^l ^firsn ^ I c^1 «rff=m^ c^ . 

5!1, ^-csrtsrtf^OT *«ftr^, 's?; 
wf<^ I ^srrsT ^ Pf^rusir i 

5t-(p*it3rrfe^ ^tftr ^ I ^ 

f¥i I 

"STs 9wl ^ c^ (TittatSl ^rf’tl's C5T^ irtPRi cot 

^ I 3?^OT^ ?tWl ^9!l ^ I ft >Q <3^- 

caiWf^ '8ic<W 'srt^tc^ c^ I emitter Pt^c^i iEC»r 

^%*frtu^i ^ ^fett?n find 

<2tfec»rf«r »nff i ?rrwt^ ?rt% ^srfcf, ’i^r cit^ 

'<fira1 ^ t4i^ ^5d sfi 

’r^c?^ (?rrc3r irr^ i 

f^fOT^r *ttOT f&?F% 

3^5 s[^ ^rtfir ^ ^ (3OT^ 

3[^ C*f«ft^ I 

C^ffirtfel ^ f OTI 31^ 5%! 

fifCMWfC^ ^C3nF^ 

c?<f^ I ^»rwf?»f Tft-c3ftartf^ oiT ^ 'w 



^C3i\^ffir f^ii3mnf!:!r 
^C9r?r •tTT’f >ftafi:?is 
c^rtt^nir^T^ 



^-twl 


?F%I (T^^gtsr I ^ < 1 ^, ^art^ 

(stomach) liW <1TC»t ^ ^ ^CW, ?T?SI^ 

^ ^tmir ftftn ^srrPi^, w ^?ii 

%wr5f 'spFtcM w?r »w»^, T’«(^ 

I w ^ f^i 

^^^C5r <tn?ff ^9!^ w-n ^ c?r^?Ttf^ ^ 1 

'srt^'^ ^ ^^5? 

•"sf^CTHC^ ®Tlf^t?1 Tt?r I ^PC^, "^IlC^ *F8T 'S -q^t^l I 

c^rkrtf ’tti:^ fk^ toj i ’ktrsr c^ 

^rrf^l ^j%T> ^tiri ^ fwl ^3?FC*!^ 51^ 

^?rt5Tk^f^.k&^ ^riwl, c^tS c^t^ 0 m toii 

^ (71^ ^k1 ^?Sk TOTI 

f^fen ^ ^W7r?r ’«rt>8^k tot ^%i 1 

^t^tc*ni ^^ar 0hU 1 

(7fkt% ^t?k ^rm 

<7i)i?r^ I (?stwi c#mi 1 <?t 



c4l5rc^ s?w caiWiflv *rr^t's 

^ir«Tl*^t5TJT TO "51^ aY?-^IN TO, cn^Tfc^T troi 

^^^tkc^TOWTOI TO^^TO®!^ TOtTO tTO*l 
I—*J 

















cshm' opn ’rm I ^ C5t% octfe 55-oTt*n 

’w I ^fhrl 5t^ (?tt>r art's ’ra >«R? (?i csirt 
mrt ^ c?f 15t:’?'5'TOi 1 St? art« 

^W5i ^ ’tl’trt TO 1 '=rWm (?ra*t ^ 

CTf^»t cfR 15 ^ CHrt Pi:’?® 15 ^ 

®»rrt flPTi ^ I TO ®w *11 ft?ii <(fSn *iprei c?* 
<«n: *iW?r »rft?® P»lt^ jot toi bsstft to’i >a^ 
?PR Ha ftis srt Ha 1 

>w "ipfP 5^ frtrts ^tro CTPitfl tta I ®rttc® Har 

awte #f-C*ltiltf« HCT, Ip ^ 'TO, Hf¥ 

Hit I ■SR® ^ ^1 HHi «RTO H5?1H 'To, ®WWI 
'P'ft TO Hrofl I TO ■’FfilTO w 5t®1,3ri_-^<M-cTO9 'it'lfe 
'TO I cn^ f*i%i 'ffwi ^ I Pi^tfrots 5|® 

ift«»tjR-cjfPrtf| ^ TOn, Pirt « 'tfiapflt®! I 

®tTOt^ JR TOf TO, StPre’S «f^eTO-?^sTO, HsitPra srTO' 
Tor, 5I5;WI ^®TtP JR 'I#S1 ’Ff^ 'TO I Pl^fTOl?! 

Ji®, TO 'P%R f®5 f®s Pi®N 'sTO, 

<2E®TO^ TOR 51® TO tPrI to I ^<rs 'TOWR 
Pwfts 1%% Rtc? I 

’fHh cTOPr Ha HI TO»r ’TC'u TOh TO 1 

HP H-S R^JR FPrt HfPH 'TO I 'srH 'JpCHH (Rpt % 
^taH I 

. f^TOs 5|® ^Hpr 'H-ihI®^|ji 5SRTOI HP JiHrt^ 
®fbR ®TOC’F 'TO I siT^ C»r TOltH CTOI, CifH TO ^ 
*«# R»R *1J|R 'HTO TO PRtai TOH HPa 





^ I nw*( (?pi 
^rtw, «wi q?5t Ttw ^ ^ 
?rtfst^‘ifl’^fesi?i5iw;^i»rt?m»tt1^ 

'STtW TOT I «tC'5J¥ TfsRTrt <W <«l^ f'OTf I f®? ♦tt'gl 

^1 *rt« ctWI? JltnW 

’I'swK 'srani’t 11%si *Rr 1^ ff5?i "pf ^ •it^l 

^ I w. ®1*rt >8 csW =fi I >w»i 

^iCtOT «(tff?t TO I ?ttfstf^ ’TtfW^ «IT»tt^, 

%l TO 

I «2fTO Cf(W. ^ 

^ w I ft'=? feOT ^tfet^nr n% 

fern's (StTO «rf’3r f^ 

«ii^? ^5! ^ c*rt^^ wr^ ^?n i 'srt^ 

CTO^ ^tfro ‘il^fe "STte*! TO I 
I c^ f^TOi «rtc^, '®t^ c^rt^r 

f^nri ?p^Tl ^ OT I TOf?5T TOTO 

^TO^*iTtferl ^<tw «rf^ csiktf^ ^t% ^ 'sTO I 

%o<2rTO (?fM t!f^% <2ri^ c'n^ ^?tc*pi ^4f%- 
ftfif I ^tC5T TO 'Q TO??^ 1 31^ 

W CTO (?iktff rlf^ TO I '«5rf TO c^tf^ 

C^ CTO TOl I ^TOTO ^ TOTO CTO^ f^fe 

Top trf*??! I (71-^^ '®c«m' w^to, c^ 
^ ^lt%1 TOtOT TO ^ 1?? I TOl 

cron ^ 'sl^TO I ^ §«1TO (7!^ 

I w*? TO1I 





*ITCSRI »l^ Brt ^1 ctW% 

C^ 'art3I?n JT^i? »tt^ '5W ^TOC. 

CTl^ »ttt I CSIfRtf®, stWiSpm (?t»prl <a^ CTrt 

bsstfif JfSI 


«iiwt*rt 

(i) stsjrfWt^t ^ I 

{ k ) I c’rWfi f^*t 

(«) OTlFt^ ftTliC»t <2t«^ 5?^ f JfSjrt^ '!TWm f¥, f¥ 
fe»Rrtts'=r%n? 

(8) jriisrf^>Tnt 5i®t I 


jptfir c^i c€i ’fist c^ sfl 'sf’ratc? i ^Hts Ttw ct jti 
1 'siHC'f '^f»rai c’T, 5i*(fir 'STC’W 
c5l c^ *W^ W I Tttar ’jppi aw ^j:«t Tti?ra 

C^tt'St^ ’ttst 'SfsOT C^WOTT IJt ■sttCT T *PHnr >w 

cwt^ ’Ffinrt 'BM «ttc^i 3 itfe« 'swt «ffc^i 

fi*tv •IWI 5ic<(i c>m « •Ijw 'stftf, 

=?^5rt^i 





jtH? c’lw^, JTWt? ^ «rta ^ i >i^ 

jRp »r5 (srWT® WI W (Tffsrai ft « jpfi CM 
^ I ^Plt^ ^ ^ GITSI viRF^ ^rtc^ 

I ^ ^ 5%l TO ^ '«IW461 CFtTJRI ar® 

cwf^ v£iT ^ 'srn:^ I cFt^ ^ ^ ^ 

I ^ C5t^r ?fet^ ^Ita srl 

^ an, aTr«rr?i«r^ ^rrci^^ m ^rfei #1^ i 

arr?p^ ^1 ^rs* 

c^ ^firal ^ I 

aptfeiar® ^‘rrc^F I w 

^ ^ <1t^ ^t«»1 ( ai»lT?n a C^1 C®1 *t^ "TOI, 

®twf^ ’OT ^t?r ^**nca{ ^ir, 

^t^l ®tart^ <?ltart^!n ^TC^I ’^(tc^, ^’«R ^ 

art^l ^Start^^Sf ^ TO 

^tarr?11^ Pl^caj c^ f9f]C^ 31^ I 

^TODf»f m\ ^ ^ ’^{t'Qirt^ ^ TORR^i 

(?f’«(t^ I ^ 'Q ^*r-fi(® 

'^fro I 

a(»(i yrf<rr^*n5 fro ^ in i ^aiTOiir toi i 

C^taral fap TOl?l CW»R f^st, c&f^, 

C5it?f ^jt% cw^ c^<i, <rf^ ctr^ art^ ? 

^sRRtC^ ^pRrt, ?m?3r ^ ^ajti^ 

TOii i4i^ fsp^ I ^arrc»n Ti^t^T ^?n 

arl ciR^ '!4n»l^lc>l an I ait%W^ tW 



I I (TSt^ ShRt ■«?» 

on^’ fPtsi W 5tt^ T 

1 

jpn f?CT sttlf, 

^ to ^sfFto i” 

^ =tt!n «fto I CT «pi^ 5rti ^fWc'Ri (TO 5tjit*ift?i 
TO?I ’Rapfi^ TO, 'sWft’lTf (flTtCTtftto 

(Anopheles) sptl TO I ’rWSl C’ttOTT (’Ftorfwl (at«l) '#Wl 
toto, ®wf*f’twW8c*iit (Cuiex)3i»ti TOito 
<RTO TOIm «Rr ^SWfwTO CsfeOtt*rtSl (Stesomya) 

"SW « ’PttU I 

■aitc'TtftfsTl« ’rtl c^rfrtw?! 

imto IM I =lfiRt?t <5^ (?rPffl1 ^ ’Tt? c^, 

c’ftsffe ifljtwl'f»iil»i»i, 'srm topnwi (?ito 

S»Rt TO, "Sto ’wmwto 

'ttw I liiitcsrttopt CT TO ^ 5?^ TO, ^5to 

'ffto <m ’piTOtsi^t!:^ <«CT !ri, (?re ^ttto to 

»lf^ C^*! <2W5 TO I »tll to 'StTtOT <rtftto 

(Tfto ?ittoi, ^swI^to ftto »ttto i 

Jrtfit #tTO Btl^ (?fsii ^rt^, to, ^ •r(#l, 

f*tol, 4^ <^<w att^ 5i»ti =n 1 vfljiCTitopi « 

fttoiTO 4^ istTO ftos, to?n (striw?! 

ftfef '=1^^ »tt^ ’ITOf^ «lfTO *ttft I 

5»»I1 C«T?13tC3I f%5? *ttP? I sptl (?t (TO TtCT 

4^!^ TO »ttto^ *rtto ^ I <1^ TOtTO ffesr *ttfto 
m =ti I 4rtOTttopi si»n *tfiwfir to *itto ♦ttfto 



^ ’ftw 9!tPw «rc9T ^rprrftftTO ffe^r ^ i 


^"tl JiitCTtWpr ^ 



—IBMISiflBllllU^ 















ff^CilCW? ’Sfr •^TtCs^tlvfeTWir 5rf5mir «f5f 


^‘-s** c*r^ ^t?n f%3r ^jfen ffcr 

9 fi^^i ^!rt% 1^11 »tfte?r?f •tW' «wi ®wt 



»<8 




c?rt^ «ttw f 'srtT§ m 511^ i «rc»Br 

STC*!! c<tf»rai cww's «ft*ra ms «w5*t ’WV Jrf%l B»itw?it 
TO I TOR TOI <1^1 ^ I »ri<’ TORI ^iciir 

•tt^ farai BPrttr® *TO ri i 

4JRICT, TORI ^fSPI »fe^*TOl ’IRS1»I »I^TRr 

»R*f% ciff^iBi, isrfc5itf¥f»i»i srt'ttc? »ri^ ij^rs 'J«(t 

^ ^1 »n^ si»rRra tRi-^ c’Ufei c^Rifro 

»rt^Ri ^ srt^i tRiI^?i to. 
■flrtwtR*f*i>i »rt^ TORI nfejRi »pit«?itt5i to, 
f^^cTORt sit^ SRST #105 «rnRF <4^ ’tm-’is 

^»RI »l#l I[|to <iR^ Bffpisl I >4^ "TOtB '*11^51- 
^#<ni Of? #5 *11? <4?t f%5i?tfi c’lwr ^it’iTO I 
1 »• ft? 9|t'#l «R?1 ?ftt^<l1? *RI, Oft?? iSlp »t(TO? 

?9 >4?? f»i§*ti «H?i aftet ?? f • «rarl® »tTO? f*t^*tl cro 
ftfant mrl? *110?, iitori f»lfe*ll «?**! 'ftr^ ?i, srt'^Ri 
jnrft Jiftra i '?ai® *tTO? *if?^ ftp? <4?fTO ft?, 
^?rc?3 jps i4i? ftifem 'srg?' <111:^ i f*ife*itoni cif?fei to 
?? c??, ^1 >4?f 1^ ®r:? ftr®? 1 5??tm to 

of?fei ^ ?ftrai TO ?? cw TO "STR? I ’TTO’iW 

« f¥ ftftHrl <4? C’lWTO TO? sps ONI? <4?t ftiTO ’W 'S 
»l?1 TO TO ftro I <4^ 'TOl? f?fe»l?l ftlfe»l1? 

?ITO ^TO? C?? TO *lf??1 ?TO? *ttrt' ONI ?1? J 
'4rtt?tf#pr fti^i? TO?? ^ ?ft?i «f?it? <4?? <4T 

ft? >4^? TO1 •!?, TORI ^*R?? ^?t?TS 

ofltf I (?i^tR? cTOi? TOt #?! ?tft? ^rtt? ‘3<l4p afW 



c^ ^i%i ^,' tii^‘«t 'sir^ 5 [»t^ 

I ^ ^rtw «)^* ftfift * 1 ^ csrr»i?7nr 
^ 5 Wm ^ >8 ^n to «fP[? ^ 51 ^ to?rt 

^"lf^c'4> ^Fpvsf ^ I 

*flrtr 5 itR»PiJT oft^rtm 5 lt^ TO ^ 

^ 1 ^Dtc^rfiral c^rf’itaFt^ c»rn:^ ^ 

^1 ^-tiiitc«tfirfii»r ^Tjtc^f?rai «»m #Kt*i,TO ^ 
^ oq^ TO, ^ 5 tTO W ^ 

frrt^ OT • TO TO 5 <71 ®ir?r 
c^tr’i sri, c^ ^ifes^ ?r®s ^1 fW »ii^ 

C^?, f%to^ TO »il^? c&l[, C^'JftTO TO TO 

Tf^apf^ ?[?I I »ii^ TOl TO 

^r»r, apf^^ I TO ( 3 rr^ f^fsm TO 

TO W, CW*f at’t ^tro TO 511 I ^ 5tfe 

^pfTO i[tor, TO^ ^to, TO TOrtfl^ 1 

tfl^ JTTO STTO^ TO ^sr ^tro 

^p$TOf^ «tfto*r^ feTO <sii^«i TO75 <itf^i cm«t, 

TOTt < 7 r TOT ^’'F ^tto TO^, < 71 ^ TOT TO TOft^ 
^tfro ^toi TOar TOfcr Toot feTOf^*TO 5 
Prwc^Ri TO TO ^ feTO ^sitc^ TOtr® feTOI 

^ftc^srl TOT I <7T TOT Tot ^ ^^TOar 

TO TO V^SITOC^ ^ftlTO TO TOTO tort 

fer 5n i *3^ ^ TOTO (TOtf^ tor 

ftoT‘^5fC»Tir iilTO ’^TOIT*! <2I«^TO (TT^'5rt^«| c^ 



"'Ffiral ^ fer 5ri art^ >8 tt^- 

foprt^ TO ^rr% sn i nrtf^ 

(pans green) sftW < 2 r^ "STfC^, 

’Wt?r^i <33^, 5T?^, TOi^ srtci^ w 

^%i I ‘c^scFt^' ^ ^ ^stsT^ti^, 

^ WT srr^ ^iiw ^51^ ^ I 

(?rw ^rtc¥ i ^ 

WRSl Tim ww C5ltT "srfTTl C*r*f 
m1% I 3^^ TlTti:^ cTtr^ #tTtl m?5T m 

^tus trtr ^*i 's^tti 3f% m miT, ^stn 


«Hw»n 

(4) >4rrwlRi>(»i*i«f%«c5i% 3i*tttr <2irsjr fV f c^ Jrtl? 

csq^isw 4’I? CTfiJ jp^ TW? c’tt? w ? ’rti 
^*tt? j 

W ^<5(1 ^ I ft « *UR Tiptfit 'SSFt'^ f¥ f 

(•») ’Pffif ^ I 



€Wlf« 

capppSt *tt^ (?rRc®»rtn:*w >!5tat 

*^5wcat%a 5tc«(T <2W*tf% ’T^'W c<fRw ^ra i 
<st«ft5i "sH 'STtr?! ’iW5l ftntKT 

(butterfly) ’jft, «rhr TWill f^*ttRt 
’^fsj W (moth) I 'srtwftl fSp^fe C^fral ^ ftffej- 

SW OTf«Wl I 





<2twt^ ^8 C5f^ fs^ I 

«iwr^fer w ^ w cffRro 

cmvii fw >3 C^ I W "Sisr I 

3^5 'e (?rfaK i i c^H ^ I «2f«rr<^p2nr 
3R[ 3q\p^ 3i«rr?[ I m ^ 3^5 3rr<rm 

f^tf^ I ^ fOTi ?pi 






nj*nti si»riS (ttW Ni? <«? fE»ra 
^ *I1S1 ^ I >W Ttik 5^551 *11 I 

•»iftcsra *n f^ 5 i?ra *11 ^rs c^t^i *11 ttfB^ 
^♦w «w ^ (aft I wrot 

^«ti? ^ '®wm (stirl I (Bfrt <iR? 

^ (TOa 51? I *natpra (?rc*t iw (stsrtwrwi 

tfwtafts *iT«si 51171 ftJT ft? < 2 i«rr*tft? (sw? 

«?t87 ;if[i 5rtsrt<si7i71 ( 5171 ? <?7i2Wt7 ff *tift< atc^, 
ftTi TIC'S sffftsl 7171 awt’lft 7«R 

feftTi (?mi7« ftTi 717, <577 %T17 (SlTt^ft 47ft^ T^ 
ftci? ^*17 ’W7f7 @17 @g T^71 7tC7 I 7C«t7l 777 7t7, 
'577 'SiTtOTI <5171 (al7t7 71C7 71 <(|V^7Tf7 CTftTi 71C7, 
«Wt7ft7 7^ T^ 71C^ 7l I 

^@1@ *I@CT7 @17 «W1*tft7'3Pl7t7« ftTfB '7771 <?f71 7l7 I 
^t-SWrWfe’rt'Sl? 7l'5l7 liPRCT "TCTTlfW »ftft71 7l7 I 
ftfft? 7C7 ft? T^t'S *1^7 71 »I1#I 7lfT7 T7 I iSWITft? 

'71771 9*7117171 7ft, 7ft7l7 7l77« 'TtCT; (?f^ 
77 TftlC^F tCtIcTITI 7ft, 7lTlW7 7^ >7@ <2(717 7«1 
C71I77 7@ *1^ 7171 91^5 TICT I C7 777 7ftt7 7117 9*71 
71C@ 71, '5lTlDf77l«1 TftCT^ sftia I <2|9l*tft7 •(I'SltT 
t?t7ftra 7C7 5Wt^*f*W@ (oaterpillai) I 71t7 9*7l 
71777 <f@*l (?Fl7 73? ^Tlft7t@ 7TW 7laPi7 TftPS *t1C7 711 
C917 (al7 Tfift? 9*7l9ft f77l@«) 

9*7lft7 71'Sl C77!7 TICT 7l7 9t7, C7^ 71C@7 78-47 7fT@ 
ftftlh 7l7 47? 7Tt@^ 73759 T^ TfTOTM 7171 7t77 







«’¥! *111 nt^Ri 5)^ c*i^^ "sifit 

Stt^l <INCJI^ P(WW« «t»Itfe’(t^ C^, ♦ICT’IIOIT 



f^, Sft^l « Vi^ «i5 


^ ^1 «it^i ^ c^ I ^c«ni 

TOri 'Qc^>i 

Tt^ ’/‘fe?i 51^ srr^rt^ 
ipst t M8^1 ^ I 

c?p^ 

W 1^—»i)|«lWC?[ 
ttOTf 3^5 ?f^ I 

Cl"t^“'®® (silk cocoon) ^ I '^fe ^ 3it<rt?r«n5 

^iHHI CTl^C-ri* 3f^ ^(f^R:^ c^f'^fl 3rt^ I ’^Tf^ 



-asrfif^ir *»w 
’ft’:! 







'SRTt^ <«ITft'r9r« CTO^ ^1 

fla 

jjiftrs ^ %tte^ <2rt^ 

^rrfcr ^ ^srr^ f^H i c?p^-c^tw?i 

^Vff ^fef ^ 

<2tTm ^ ^=?r, ^mrt^ ^ c^rt^r-'^fe ^li ^?i ^ i 

wn TOT, '^fe 

^t^?n '©fe-c^iwr^ arrfwi (Tpc^ i 


«W«lt»l1 

(^) ^srsTf^tfe'Q «2tc^if ? 

(0 «2l^^ fw’l fOTI ^ ? 

(^) (2pBrr^lf%?I #1 Wt>8 I 

(8) 'Q 5jt^ 3^^ ^rti^i ^ I a’wft 

(ft) '9 ^tr^i f% ^ ? 



srfwri 

cwT c«rt^ ^ <ii <ttc^, 

^ cwt^ 'srrfefe »ri I c*r8¥tr^, f^rerm c^% 

.^, srt^TfTt^Prf^ 

c*r?n^i ‘ 

. ctfi^ 5rt3r 

I ^t?i«i, »rW 'e f^i 'ii^ 

^sm:^ ®w^ ^ c^ I 
c«f^ ^ crrc^ I 
Ftf^'Brlvbl ?pf^ ^ 

’Ttfe® 'srr^ c-nmiThr ^ 

c^Ft^T c^ ^?rfe 5^ I 

^ 5^1% ^TfTTssT 's ^5rW?r 
^ <2t^ TO[ I ^ v41¥CW^5l ^ 

^ C5t^» •n I 

'*<^5^ W, F^fir ^tftF 5^, 

^ I TO ^TtDRi «^jt5»i^sri ^ w ^ I 

c»f^ ^ sd I TO TO ^ TOTO' 

^tTOT^^ TO i »il^ ^lOTT ^tanr^I, CWI ^ »flTO 

^rtci I i^lTO?i w ffesr 'sdri, ^twl 

froi % 'srtpi I CTfsT «2rt%:^ <i%l ^TOt^ 







■>K 

'stirfit t??ii % FtfSin ot i 's^r !!i «t% 

•sww R’Tl'? *tRf ’ll? I Jlfwl c^Kff ^1? 

<11? I ^jTOSRT ’TtcH Rt? sj^'^tim vs ?s «tn:<r i 'stfi? 
fW ’rt’T'5’rl <fRl? ftffjR sftt's >rt?t?i »ff? i <a^ tori 
*I^-J| tT^PIt5 »W?rt? ; ft-3tt5P5*rt? JRP I 

?T^'P?1? RtRl WC?? ??, iffTO'RS f®?tTRl I ^TORI 
*l»5trs '<4^?lPI Stftfe T| 55iS ’rt\»[f^ 

Rtra, I 

?t=T^??i? ^5 'tPwt^ 6i»it|TO *ra ism? ^ 

RtC5 I ^^i<.*F (lung-book) <R? I 

*11^ ®t? 'TOt^'Sfs' C5tfe Cft^ *rW 1 ?T5?t 

RftiCTR 51 »fr®i? TOSR TO1 c»iTft® >#1? stPr® ?? 
«!?? <rR!i ?t? I 

TI3W-irt’??*rl f1 RTW rWiri cslfe i ’3?-3il<i«5»il *rRl 
TOf? ?? ?[»ral, «t?tC<F C?<I1?, OTf^rS ^ 

?? 5ii I RtJRrt (Rft (?ff^ *11^ I 

<ipe «W1? Sfw <tt5T I ^?tw? «f1*l 
^ f^ffcs I *t^ aff^ f»W? sl??1? «rer^ c?t? ?? 
tfim «rt®i •#?i <tii^ I <ra aw? ?n 

?tfei <71^ ?n (W^ »rr’rtt?i %t ittc?' 15i 
?? T!®f? 91? aw 'It'? a?? ?l«tc?? 9W^ 

96? ?i??1 ?t? I 4^*1 ?" ?1% ’ffirsi Tsi Wsffll ifsrel 
?ri®i at99 9C? I ?«ij?c»i ?f*i?t? 99 a^fe 9®J aw? c?Rt 

?r1»l 'tlwi ?t9?»l1 Wt? C^?9®1<lT *|9CT? 

9lC9? TOR Wfe9l^?1 ?1^?1? 'TOW?, 5f ?tt9? ^sR-SflC*!? 





w *«rtc^, ^Bfvcm «rm ^ i ntm 

w?rw wtOTT tfi^^ Prmiflrrc?^ ^ 

•c&ftfirrwi srsiT *^Ff^i ^ i 

lte?ri PRTt Prm ^c?[ i 3 ^ wif^ ct «rRr 



<f%1 <«(ti:^, ^1 I ^ TO 5rt>?T^^i 

fwr?! ^TtfiRTl c^c^r I 'srRTCJnr c«rcH ^ 

^=rfc^, ^'s tp ’it^ I ^i?tc*nr 

c^*f5T ^=rfw ^F%1 PpFT?[ «Ri ^ 1 ^, <2|g^ 
^f^sretif nr^^ri TO 1 

^(t^ ^*i l' ^ f%^i 3TtTOTO I fef ?r 

Bnf% frofc^ (SpFW^^i toRr <t#5n 
f-^b- 















TO TOT C9|t9R ^ 

TOf I 

' WC^RJ (water spider)—C*I C^fW 

^ ^iTOsi <2rt%, ^ cTOm I art^^ <2IT% >8 

^ TO I »ii| 

a, card's TOPF ^PFTO ^rtw^ll TOI^ «2Rt^ 

I TOim ^ ’rrc?, in^ ^ 

^tRuI »i?r I ^ cf^f%-ait^«m w I 

5f%?® C^mi t2rf%ff% C^f’ir I TORI 

i(fTO ^ c?Pir® I vfi^ 

^srTO^ iiP5 ^51 CT, ^ ^Tft?l 

^ I TOU^ ^^*1 cTQin ^?n cTOT 
^rtwn TORI ft*®* ^tPRi ’fi TOi?i 

TO I C^ '®irf^ I «1tOTI (RfR^ 

^pst^i cf\ fw c-?rrc5f 

C*f^ 'il^? *Tfil^< 

TO-^stttTOI TO 51 TO I 


tfrtRrf^il 

(^) *2rc^ ? 

(^) TOprm TO-ipOTi fTO TO TOtc?^i 

Pf TOtTO'srfe^? 



^ srfsri <2t^ I 'a w^rMc^. 

c^ ^ <2t^t?i '^rrc^ ^W?r srft i 'srwwr c»fc»t5 

^ sitc^ srm I ?i*|, ^911, 

fec^m, C3fef%, csm, nr5Rri- 

!tpn, csrt^i^n, ftfir, ^ ^rtfi i 



cw %T5 t cwt c^ 

sm:^ (7F^«1 ^ I Hftc^ «ii^3F ^5rm*i i 

iil^ I 4rOf?r Tf^t^T 

5 (7i^«rar c?f ww «ffw© i 

^rNsin, Prf^, «2t^ ^ 5rrt, c^fD^s 

^*rt< srt^ 9^ I 







^ *iirf 5^. srt'W ^ 

UW tl’PH l?w, « Jiyfv(9 ftw %«w "ftw *ttsHi 
«ttPF I ui^ ’Wrt JflrtOT ’ft? we*! *rta i 

JrRsra^ C«rt'5l *tt9|*n ( paired fins ) 'ttC^ I C»ICTRr *IW5|1 

»m atOTt TO « wtw *tt<pri to 

TO I ’rtin *l>^ c^laai cfrfSiatf i ^ ’rtwi 

TOta ali7»t *!< «ltca?i ct^«w »i§TO TOtcaj 

^iro® TO'stfjjro, B»iippai '9 sTtfro *iti:a i 

att^ (?reiE ^TOl TOa? alaal c»w 'siafa »iai 
Caai Cfai ala l >3^ caai ^iSc^ ^?cal^ft^ lateral line sense 
organ TO I caal atal TO TO®a to i TO »itTO*P® 
♦ijcaa ai afta cafini, TO TO i cftft cftfe isrt%, ate^ 
TO> ■aa? froa ^ae cTO cTO atc^a TO i 

it-artCSfil f®a at05 ‘sat *l3W-nts "atPiai cal f%iaa 
^aa <aa aata aa ?^?tlai faal ata i lata aa caal cal aaw 
f®caa cTO to ai i <iiafe a? attaa cai^ vii* to f®a air® 
atcai feaa ^aa stta froal at tot cTO to ’ttlai 
caaa i atfaafa TOtata ai« aaita TO fftai cait cfti atiTO 
afaa® aa i 

c®lfa atcaa to TO flat Btai i lata caa. a?i « 
cacTO fro acaro® aa >aat ^aita acaata® atai i a®ca 
aaic® at®i atlj atcaa a^ ataatr^ atatar ai 
aflai TOtcaa awataa® aai lata f*!ci ^atfa ataal, 
cat® -iiaatf^ ataai, aaatPia f*taca TOatfa awai, acattataa 





’TT^ 

9ft^ ^tfe^.’»lt^ ^sitc^i c^mfi 


TO irti^ ^ ^ I 



•rtft (alimentary canal)— C^5f4^ ^ I 

(pharynx) I ^®1*^if^ (cBSophagus)> 





^ ^ ^t«lt»f? (stomach) I <Tr=^^% 

fN ^4 (intestines) ^i||^'a (anus) C*t^ 



















1 ^ a 5rtf»i cw 

srt^ c•^^w▼ *>tftr I »ni 

(liver) <l(trT I 'SRI (?I^ TfCT ’ttsfe 

C5t^ f*RFl ^ ^'♦•tlPi (pyloric coDca) I 

(gall bladder) 'SRf^ I 

V9 *llH*l*l ^ (circulatory system)—Ttte»I C’?®!!®! 
^ CT’fl «w?l =rt^ ^RSOi<M®H ’W WS (heart) I iflt 
^ %E;? '5t^ (auricle) >«? 

'St’t ft®ra ’ll (ventricle) I C^I^’R®^ 

(ventral aorta), %5 ®lt^*PI f%C*rf*W (sinus 

vinosus) i 

w (7r^ ^ fwl ^ 

^trcM?[ fhS 15 ?r '^K 'aiftrc^ (7\^ 

f^Prm i 

Tt=T ^ifw ^ f%l "srtftTri 

<2fC^ TOII f%l 'Q «f*l% ^^WrfSf (capillaries) 

"srrc^ I ^OT ^ (valve) 

’TWr^j Ftf%^ nm 

5n 1 ^ I uq^' ^n^rfe^il 'S 

<2W?i*i ^ w 5^1 ?ic!SRi sri^i 

^tw«rl (plasma) I ^ <21=^ ^rpl^l ^smt-T | 

?!« STt^f, ^ I srm 

^r*W^ ^\C^f% Rt^l CW (red corpuscle), '®rf^ 

^ srt^ OTtut^ W (white corpuscle). 





(respiratory system)—’JttWN TlTl 
I (lungs) ^ srl | 

WT?f ^ ♦rtrf (operculum) I ^ ’^iHC'^l 

^ ’JWl C*W1 ^ I ^ W 

^^rfc< fife 3F%| b-§ I 

wHiPi ^swft’fc^ ^ (?Niii I 

’^rt^ atiCC*Rr TO ?p«Rr mt 

^ ^ ttz;^ I ^ fetf^iTO TO ^irtOTf ^ | iKc^ 

^ ^ <ltc^ I ^^ ^ 

^»im TOT; ^TO5 ^TO?ii5 c^ 

f^cisnsi t? ^ Ftc^ ^ 'siRaw-i 

^ rfiral artu dl^? ^C^t'S TO 

TO I TO 'BFOTI arc^U car 'srlwr TO^, ^«tTO 1w?ra 

?restf»ra Oltfjre ^ (absorbed) <1R( 1ICTP1I ^ ’»l(<IWH 

»pw »iftef wtfil® <r* «w? <3^ <51^- 

«wt^, «FC»Rt ’ift® ftfSra ^ %l ^1% ^ ’Iftt I 

^T®*I1, *( 011 ^, isfff% :Tt 5 C®fefiF 3(1155 5^ 

f»Wl 5t5l tfPfW TOII fN 51^, ^ 3(tC55 ?*W1 

«ftn >CT8, «i5t5i ^sw '8*rR5 «rc»i5 5ife5 «i<rft« 

Bt»ii^c« *itofi 45t*iwtCT bt» i l^5l5 W9 ^«r(tinr 

iSiMfl t5f^ ipfpra '5f%f^ f»wl5 

TtKl ^5151 ^hPpPBtCT tl^^K 5l*rfe»re, 5^111^ 

5t»TOi i ^rtrt 5mrs toi i <«| »wi ^flw cir*ti 515 C5» 
><^5^515 «re»Br ''Ttppfl 5W»I 5p<tnf55l ^’11515 WOT 
srrftdl 515 I 5tC55 wRsfiv tPm ?»W15 ^*K5^ 



(?ri^ fc*ra jwi Ptfsrsrftiir 

f»Wl^ f*l^ TlTflOTI *tb? ^ir? I '5W5 ’IC«II 

• 

^srf^sf^ tt^ ^arrr^ I 




^ ^tciw 

TT^jf 


arr« mcCT ^tcn 



f^fw jRtm ^i?»CTnr vtir ^t>wi 

^ft%ai (skeletal system)—*11^ ^1 
^ilW I srRfCT? ^J»ra »ifiE^ ^8ft5 i5»Hl ^ *m3i i Jrir?? 

CSPPTS ^ ft?l»W 'Site? I ><1^ PftrtW ^'5^«f»t ^Ti T Tl 
(vertebra) fftTl «llS« I ^ ^ft^W 

W (excretory system)—RsHl'elii 't'iWS fvt^ 
Jftfe »W1 B’Rslfe TOS? ^ (kidney) '"itt? I UtTST^ 




ft®tsr-^c9rt55n 


cMW’f ^t^s^Ti 0{9{ ^tfer ^ ^ 

<tt?p5 ^ I <Sr 7{cm w <2tar[^ ^ 

%1 ^1 ^ I 

« 

«njw*ii 

(>) C«&f% 3|tC5?t ’f%1?f% ^ I ^IvS'-’Pft^R 

^ WIT nW «rtii ^ I 
(») 5rtt59 tfTTW ^sd ^ I 

(«) ’ft, 5im "s' f»tf«r ’rtf 'sWf ^tfsfi •rtf^ *ttif 

CfH? 



cw^ «lt%<f?i’icsrt cv cat% 

Cat^ (amphibioBs) ^ I ^5 4^ ’Pfl Cf, 

ftn ^ ftCT^ ^ fCf I «f»IR( "SHTtf 
'ttCf JltCff St5f»PFl 4^? fsi5? «RTtf tflWI I 

^tW9 >af 'srnffr 'Srts atc^f «rtfer ; 

<?t^ ’?rtstf& «w?i I ^tfF tfifl 

■■<p^^6i ’I’ra ’rttf? ’TS’? fW f’lttf-awtn fanrt ’pib 

«rtcT I »tcB fJTfn fe'^’iRs srrts fftw, ^->«i^ fmiB 
^#si ^rtr’f I 





srw *tt'85i ’rt?! 

< 7 n«t “xv «rtfer <7^11 ^ i a Si^ '“rtsrai ’it«ff!i«w 
orfsti^ ’it^, pi^ 'srf% »rt<rt?‘i 1 •iwfepi' 

^ cvf*i1 ’W« ^ cnisri ^«, ^ uwfBc^ 511% 't»i’'lc*t ^ 
fWl ’•Jt«i (?tcii »rf«ft?i*i, •srrni Ji5?it5?i 

(TffSrre srt 1 c’icfl -^aNT^ 

^ {KJKW^I I "SW? »iKlw ’fft? feiSc® *ttP( I 
(?rw art® *ft<t?'t® ^ <ttT,'5t?t Jm f^ciw 
sfsrMOT 'Stsrrt (TWI ’itn I 



c^srl ^ ctW^* 

PlW ^ C^fH ^'S 'Slt^lPf 1? ^ I ’TtWJ 

s[^ <s(Tm—CT 'SR»t 5rri5a «ttPF ^ 

’SW PTWa as, cafa ?a is^s^ laa ata calal arts 1 
faca a^tsi stal atal ata atta—aicaa^ atcaa atpra 



^ ^ I (?rW ^8^ VF w «ipR 

1^, ^ <(1^ Pi^^ri^i wmi c^ I w 
^t?:3ra V[ 'Ttfe 1^ ^ 

?rtw I ^ ^ ^F%i »r¥T (?ff^ ^rfe^, ^ 

TOPF® »W1 ^rfto I %| U9^ 

^ c*f«n I ^ «rpfhr ^ 

c*r<ii ^ 5 rl I 

^ ^8 ^ii^Fttei, srtfer Tftu^, 

^rniKiw (?ff5fc^ *ft^?ii‘ ^ i 

c*rf^ ^ 5 t 1 I "srwc^f c^ ^ i 

C5^t^ ra TO ?n I ^iFtOT 



fPUl’Vi TOOTHS 


?pr I ^t?N ^Ffkn c?«(i 

TO ^ ’Ftwt^^war irtf^^ 

fk^ *W < 1 t?r srt ^ t5 ^ t P f c ^ ^ i ^ ^ i 





(?rW^jlra9 jtw, c®w, ’sg^t, «(15 k^ 

^'sjtfr srWaW? w»iwni atp *rt^?i ^i (?f^ 

«fCSRr fwl 

»W ^ffwl ?c?i ^ onr 5 *ic?i «rc*Bf fe*Rr 5rM8 

«tlrT I «at«ra^ ^?»itm»ra 

c»rn7Rii ‘‘lut^-uiv’ 

c#t^ ^=n I 

(TrKRjtras »tfta w cT«ii Tm I »r*v ^ irt«M 
OTl^ta i ^irtwt ^ 5rt^, c»i«r9 srt^ i 'qt? ^fsral ^ 
’trrt' OTf^tTO *pra cirefe af^ ^ i ara;:^ 
'stafstc'st |*5st c5N ^ ^1 cstzm ^*rant^^5?,%5?t 
*tw jft^ ’1%?!^ ^ >iwfe *rrei 'srtt5, '5tfi? 

?W. 5^ ?rtC'^ I 5f?I PffC^ ’imi StTO f^1 B'W 

CT ’frq© cfsii 5it5, 'stTtTT ^ I ^irtOT 

ti ’I? I ’iwttat ^ -site? I 'st^ jr«(l firai 

’Tt^I-f^RIt^ «f5f ’It'SWS TO! I Jft’IOT nt 

c^ liR? 'States Ftfit® '«rft5l f»t 5 CT?t nt 

C^SRI (iFR^WP® 'ft5® ’^ferl'sr^ liR? c^t 

tfOTT 5^551 ^ f^l c«rt^11 r^c^nr TO?r 

TOT I ^ 

t c'H r^j rcvs^ ^>m¥\ 4 ^? ^< 1 ^-% 1 wr ^ 1 

TfsT *t®s (ridge) Cf^fl ^ I 

f^csT Ptot fiffer sr® cff’sri 1 

^ m PfuTffe 





»iit?r I *(1 »ti 

C^ ^ I 1? C#t »IfFt^r5« <TO?I 5fl I «t*!. «(*!. 

’f%il{^cwrti <?rt'?i^ srW^Bi*itsTfe«"“w^I 

«rais srm f^tw^ra »rtora <15^ 

sitif I '<PF^ '«n»i| 5w *ttc?f 5ii I 

c^rw-sit??, c#ci5i «rt?i I f5 «rt% "»rf 

5tc? 5(1, ^f5 >njw =rtfe»t, 

'#lft'5«icifi sit^ (?PC9t I CTtsrwt® Rwws 

«I1^ I C5t^'i5Prnjt8'8 

^1 sit^ *ttc^ I »tt^, 'o’tfsj «ir9 *rc^ I 

c*c5t *i^rR c#r <rtw —tcs 

'SRf’Wift *t^9rsittBi ^»r<Ffii TOii (?nsi 

TtOTI •fRWii ^IWI ^3 I 1^1 

^3tl 313, '®rt33l 3rtC83 fe»W3 *llt I 

■-irtt«3 Rf311 'S’fI f%3<2t?f^3 I ’*rt3lC33 C333 f*l 3 CT 

'SftWt3 «rtt^, 3TtC®3 CSJtR 3^ «I3 
«I1C^I ^3131 f«f3Tt3t3l’t'STtft 3f^ 
313 1 f«f3Tt 3tf^ ’?1331 C33 

iin; ^l3l 5§5t§ 3^313 333 3'®'s>l3j 
*f®t33 31C3 3%®! At b31^31 

3l3 A31 RC3 33ti:3r 3M3 fSRFl3 
T^31 ^s| 31 31^313 333^3l3l 

®np33 *n 3J3313 ^ I (?Il3l3TfC«3 

«rrcti ^3 

*(lfeOT 31^ I 3 iCT l3 J lt 8 3 C313 *llfer5^ 3lt I 



ftWt3t3lC313l 
tfim* «ni3i 





^itcs^r awi# ^ wfiri ^ ?%i 

5rtc^5|«IT%l TO 1 <I»I1?»I%I ^tTO??WTO 

^ TO I TO TOWS, WS TO i«? cfpf C’flRt ’TS 

?p»ra^ TOi’jprs 1%TORrTOir^ to to <«; 

<?I^Ffc*t ftTOTO.f’npi P^ralTOl aWtTOTOfl ^TOI 
TO cTOfS UR? IPTO TO 1^, ^ipra TO" TOtn »ITOf^ 
'!?tlTO *TO >«? TOt?l^ CTOI ttftro TO, TO t P l ^ jpi I 
u^iStTO ^TOS ^TOl TO-fipsl TOt? I c®fral TOT ’PftTO 
(?t, ’^rt® i?i ’Rt sfl TOt»r, 1%TO w ^ isiTO TO^l 
§r5 »TO Jfl I TOSTT ^«i tl Tlti^ TOTl ^OT 

fTOi, ’TjtraTt’'ttTOw f^Rl siftirt TO I 

cTOm TOT OTf^ (R, ^8?i w? 

'a5rl-TO1 TOcto. 'S’R^ ^TOni TOTO 

FfsiCTOI TO® CT «l#tn CTOI? (TOt TO?l, C?t? TO 
cTOtoI To ?1 I etft TOTO y i fCTO JICV ^1 Mft? 
cTOt?—TO ’PtiS?1 ?t^TO TOt??! 5rt^, TO1 c? c^'Pl 
TO TOTO UPPCT TOto TO? I 

^TOTO to* ^*1, *ttRt ?1 TOTOTO to To to I C»I^®W 

%^-C^*l'® (oold-blowled) <Stt% TO I %^tC»r 
^TOI W TO^ I TO1 uic^ ^TOTO TOS %®»I, 

TOt? ^TO ?1%TO %Stf?TO ^TOll ’ifro TO? !ft I 
?Ttt«? CTO TO? I ^?-?Jt«, 

«rc»tTOTO C?ttl ?ft?TOt TO!?1 fro »I5? *I1I^, ?1 

TOTtro c? ??«i 3 r TOitt 'sf^ •rtf?, toi ^-to® ?t?i 

^ ?? I C®tTOl •JJPt CltTOTtC®? TOlt? 1^*rt< frol C??tTO 





w (?mi <«rtf^, ^ I 

^3%l ^ i 

lEcsct^jtc®^ ^rN5^ 's Tt»i ^ %i FW ^rrc^i 

"srWOT (?r(?^ <tc^ 5^55? ^t#l^ ^Pral, 

^?C^?n (bull-frog) ^fsf^ 

<*rnp^ I 

1^, ^Jtc«^ ^STt^sfi Ifl^? 

^ "s^Tf^r 3n:<fT %1 <2ff^ i 

^ ntf^c^, ^tftf’tc^ c^ csrt^-(7itfei I 

^^^^rfCST 1^ 

I fc^rt^rrc^^i <it^, «iiw i 

(TtW^jt® >rt«rt?i*r5 fes[ i (ttw- 

WU^ PfC^ cm C?f^ ^ (7!^<5!t^t?l I 

TOj ^ Rs^r, uq^ c^finr 

'm ^ ^^3r 1 ^csrr^Ttc®^ 

^3rt’^t?f vfi^N *n?i c^^Ri ^«f I »ii^fB 

’^^Ri 5p3R 5CT5 ^«i% 'Q ^ sffe?f ftirra 5r5 
'=i»r?«ij mi:^i «f% sr^ otRi* 

W5t5f ^ ^»ttlRF I c^rw^<5?i 

fC^ ^JtC'S^ f%OT W SIC^I TO® 

TO’fi <0^ c^n feci 

«r:5| ^ I 





*lor ^ ^ i 

•lt#l,’«I<h ^«tft (tadpole) I ^JtStfRI ism "SW^ 5rf«n « 
cm 1 5 ( 1 ^ »ffw 15^ c«tt»iw? ’tisf 

'tin', <51^ ^rtistt’ij ^rfirl «fc»ra Jtcnj •ti'sffi >R»nt 'ttn'i 



c^i ’^itc«w « mstf^ 


"smt? ^ 

^ wm wfapn I 

?5 ^ ^ y£RX f%l ^ ^n, Tt^«l <?r^r5JTOf 
^»ft^, ^ ^fS(^ 1^, ^ cwiw ^tigtOT’m*! 

CWtiT I fSPFI 5^^tf3) OTIC^ 

^ vii4? c*r^<ttr< «ii^ 1^ ?itf^ m, wsi 

I—a 


-» 


VQ* 

^ ^ I ’jp’Rf fe’W-%5 'si ^*Br ^ >w ^w?;^ 

aitft »rtfii ftrffs ^ <111^ I *tw?t ’IICT »iwt 

c-Msfl ^ ipiw ^ iffiral ’tt^ 'ttc^i 

'•Il'SJ^fl'l ^wwl? ’♦t’lIafTi 6t®Ttfl I C®W '^’iTlyo •Wl 
i3t I C9ICW5 jwjW 5rt?W9 ’ifS® <«? '5t^ fe*t?t « %5?r 
^•t *tMsii ^if5i c>rw^«?i ^rwf5 



fPfl fiw « ^«tft 


^8tf5 ^ ^5—’T? ^ ^?t?t (?wl8 isttlsrs I (?Itst1- 

^rtT8? ^jt«tlM <?w 9wi « sV®i i«t ?ttc? %k^ ?t«-<fl? 
’jsrtr^'t «ttrT I c*icfer JlWcfe i ^«tf5?r 

.C»W »n1 ^ Sfl, owst’t C’WiTtIf *«R? Tfl I 

«RTt5<sw ’n<^ 5rft5?l II^IH, C»CT?t 

























ntf^ ^ ^5wl^ ^ I 

^ari^ <tacsw '8(TO^ ^ 

^—3iOT «4»c*i ^rtcsRf ^^t?r 

^ I kK\m ^ ^rfei c«f<i ^ 5^1 
w^i^ws <41^ »PTO fe'^»tf%9rrB’pra t«? ^ ?;9pTiit 
^ BT=fi «iti:T ^{%i) ^ttwi otPits »tt^ 5rt I s(CTi*n 

^^trfsT'Sf?^ ^RTrt ’tlWI ^tfRf 15»W1 ittn 

’irTaf»if»r ’wm, «f»i 4[^ 5n:«iT’icpff «R»Rr 

^rtfirai ^Wn»!^«re9ra^ sitftsi’rfs 
«'?9^ Ttrt 5S?t ftf] ’rt% 

ora I <^k '®ra^ f®PPi's ^ ’w tt»i1^ 5 %^ 

dttc^ 4 ^? !¥C3t TO! ^wra ^ ¥>iyr Ttn 5tf»i^ 

<«m:^i i?r?i fits fits ■wsits stt=si 

ifltsratts 'sraft's ^ I ^ fsj^ '^rasti pw "liw^si *11 
?s|t1% sifts 'Sits, "Sis SJiSift STffilitS sftas'tsifi 
<2t1% ^ Fts sits I 'SSTtS ♦tit'? 'srtftsl 
FlS ♦llts »l'?fts l 'StS^ BISISI 'SWWS SlSSI SJitSS 
<m stfssi sis, ^ ^ sissi I cssi Sts cs, cswfB fits fits 
CStfts Oftss rl^SS sftt'stti >8 ®ts W csft 
s^t'st?! (?w sss'9 srfC'Sf® ss sft, (7ft «raTts ^stsi 
®ists ftssssts '9 sps sjs csisists'? sftsi sftt^ ^ris« 
Sts I sft <flsfscss StSJ (?W ssiftits S?» Sts I 
S5SS sTisift srtt(s «»rt«fs'5 ssi ♦I'stss si'Si si Tps 
■slsftis ♦tftsss f^*tts fsTOI SS sftsi 'StSSi SftfS ftf 





(?rf^ ♦tt^ 5(1, f^ c^ ^rmi tVf <1%^ <2^5j’(' 
I T^ ^«?[ ?s*tt^ ftRTi ^ ^?i^OTr I 

itrww 

{•>) (?Ft®rl 's fprt ^irfra? r 

W ^«3 ttWW f%5IK*t ^ ^5(1 I 

(«) ^«5 ^<!i1 ^ I 

(8) ’WtSlft TWC’F ^ ? ^^’^<511 ^5 I 


^fi? « fitt% *t5r»m 

^f%T 5d ■sfl^ ^fK^ »ltcir *rt, ^t^r «rt% stl 

fefW ^ *I1 I '9 i*tt^«t« v!^»t I 

isrt^t jrrfK'stc^ *iMN'stCT ^f%*sf ^NHsfst 
TO, ta’fifl c ^ 'I'JTt r^ '^li^ "grltM ^f»nitt% i '»t»fTO ^ 

?F1^ •sum, feftPra «ttCT9 iSt^ttst fe*tWtsi I fefVf 

<8^ «!Trt ^ ’R«r T%1, ^it*t5f 8trtr am TO « ^ 

*lftm TO I ^tips f%l <8^ ’iTtPfS *tfil?M ^R, 
RTtta^SfTOR «IWTO ^ ^fSt^Rl’tt^ I RWOT^ 
srt'fRli '5SR* atf^ »rti(rtT ^fspirt I att%«t8 f^ftrtaj aittOTi 
»lfRW atJRTO ^trft RfTf « «W Rtw »rf|^ 



»iw 5ti5« «rrt ^ *111^ I 

^ftim’i'8.«<2tt^ivn«.»w^%*fit fspiit ’roll 
feflT !|1 'ITfti:*! <Stf% tffps Sfl, <<PR iSlffif Sti < l t R > C » l iftif 
iil I '5t^ i»tc? ’iftratffe <Sl%<r«istl%r»t'^ ^ i <4^ 

m’ni fest’Tt’T ftc»r, %% « «fi*> ®«cw^ fecst’rt’i ^ i 

n 

’tti:^ ^ ^ ^ (71^ ^ttn^ ^S9[tu^ 

fw '®t^ ^ TTw ^ wferl 

TO TOC®!^ 

'Q ^t^tc*nr ’ft^ I ’iror® «ii^n 

^1 'STO «rr% I c^Twi ^ 

cwRirti, ^'s ^ ^ 

*rrf^^ (2rff% ^ ^aitPrai ^ttc^ 7 ^ 1 

^ ^oironTi • ^ ^ 

TO ’ttr^ ^ ^Jt^ ^U I f%t^ 

^^’*Ftfw^ f|5? ^ ^5T c^ ^ ’itr^ 

OT I C^ ^ ^ ^ ^StfTOT ^ ^ Sltfe "^4 
^ >8 sitfe^ (2tm ^ 1 f^TOr ^ 1 

'srr^ (?f^, TOT^ TO’ttc^ ^'8 ^TOl 

^ I Pw^, <2tf fe TO W (?I^ %! 

TOI, WT C^ TO®T 'SffC^ flw >8 3?wr 'SWm 
®rtf^ ^ I (Tf^ TO3T TO ipr ■■5lTO Tfif?ri to ^ 

(?it w 's fl«r Sr Tt^ ^ 'Q 'sma 

^ *5115 I ifi^<»t ft?t»T, TO froitro 

^rfTKT’TOri 



V88 




TtirWW ei^ *itf5t « r»ii « i m 
^1’ni‘i TO I (7^ ws 'sWm •flora TO 
^ ^ srtPrai ’WI »f!f»i »tff5t «fTOm 

»TO’ffror,'5t?tm spt if *r?»T’PI'8 fN ^t%i *ir?'8 

^ ^111:55 ^’tf% ^1 ^ ♦ttfira >iwc«ij ^fw-ft^tora 


(>) ’ll isfflf tte ’ll, 4^? ett% ’ll 

’ll—fro ft’Uf'sioi srisrl ’Ri I 
(%) feflora fwtoi *tif 5 t»i^ Iron »rtirw TO, 
twin’ll’PII 





C^^9T »rflT ^"3Fl^ 

^^rft?r C5fc^?r ^f% 

csrt^fe «rf^*i1 «rft51 ^f%r® 

cTO?i f^f%ir '«f^l 

mr? i ^r*T^-c«r? f^w:^ ^?r, '«t^ 

tferrf? f%?Rc^ 5[T5^c^^ 

c?c^ ^di 'Q ^r*rc^j^ >i7:9r tot f%?si:n 

^T^,—^*fr^ ^iT<rt^c«f^ f^nic^ 

cnjx^ 

ftf®3r ^^-<2r5Tc^?f 'sim^r ^ >rfTcar wrf%r$ i 
^izm fro 'srtsrrc??! «5^^t<rr?i*i v£it ’n 

tsr^f?! WtCST^l sn ^f^5T'8 '®r^jf%' ^?r I ^ 
«rc?ti?%^i i^t^T?ii ^cwl 5^11 

tT»i-«2rirt»i %n, cwc^? r#, 

■ra?i (Mc^ <2n:«**t^ 'Q c*fj? 

(?np«r» '8 ^k 

^Ttnr^ I ^k 

fw' I ^5rn?<tf»ffar ’Tfd ^ a, 

B 







^ 5 t?r 5 ^rt ^:^?rrf|»T 5 

’^t'TCfltC^ ^ «2Wt^ I Iipit% 'srfJfM ^ 

^farror?! arc*r oi^ <2r^t?i 

15^ I f^tc^'Q f^?r h»tPi4 *ii^ 

Htfhi-f^i »r^<^sTc^ ^-5 ?Rrl 1 

ciiX]^ 5 f'v«f^i[ 5%^ 1^^, iB(^ cFfc^ 

1^ ^-rni I 

to 

^ «rtn aiwhr 1 
f%f 5 T ft?r c?c??i (srf^ ^rri^ 





CTcfe ^ aWCT ^ ^ 

2r” %1 

c^'i ^1^^ OT-rwft'.1% 

■8’T? ^ ^ .mnr Ttitcjn I 

^’I’Tstc^ »rW^ CT.'sWm 

’m ^ 5P , v,^ TPP, 

win IH-^I I ^'8"lWl'*ltf1' (blood vessels) 

(nerves) ^ C*I%1, , , a>nw IW® ,rf^ , 

•rorrs. («) 'S,;^ I ' ’ 


(Head) 

'W^l5wimniwntn^,%, ^ nw <fii n ^ratt 

^mum)| tPrfS ^WC=tT«pt ^ nn ^1 ^ 

^ n ®W|W (brain) WIW® >S®(6 'n% g|HlN^»| vtiffi^ 
'^"'S "rtCf, 7m f5®t-|f^. ^ ^ ^ 








(fa<}e)^i Ff, «rtf5i^1, 



S|^ 


's4 'e I tilt ^“<21^ 

(Thorax and Abdomen) 

CJf^^t'a ^t^Ril arm-c?n:^?i sitar inriift<»f^ t^r i 

^tc'Q^ wsrt?»(c^ c*rc^? ^i>sw ^ i 

5*f ^ 5R»i?ri 3r<rr*rr?»tr^ 

f%5( ^ *rfc^; ^<(ti—^ ^ ^ I 





%8* Tw*T-^c»rnf5fi 

A ’tWlCT f*tri!5 f^rv c^fSiife '#if^ fw 

m 6« cwwfi ^ ftirfhvi (veriiebral 
column) ?ftlttn ^i^l^ore^tCkiat^rfl 
<8(1^ I ^ cw '5if%«(r«5 wW’t'l 
(vertebra) I StPSTf ^r*Wtll^«IT i«Tft 
CSftfe '“Ift^I '»lf^'(^'«fSl 

*fif *t< cpprsir^ CT, 5|^- 
'9f»f ci'^«0 srt»iT5 "y® 

I <ii3| 5TWK stenr c*iiw«^ ^ 
(spinal cord) I 

(cervical) Jimtl^, *(c4 (dorsal) ^tCHl- 
s|t1% ^I^C'S (lumbar) «ltWtf?t ’J'W 
’J'TT TOtiP^ «rrc§ ^f%C« (sacral) 
^C»nMr| ’flr'tH I 

^ »H C«tW, (coccygeal) CT 5lf?jB 

'=(tC5. '5W« 

i2fl% 7r»W^ 3It«[T iWfr ^fwi 

(carUlaginous) sUtll 

*i<rt< «ttc^ I «RT ot:^ 

f¥^«i 'sfire »m cw» ®<rs^ 

CTWS c?fi|t'8 ^feirs *ltlll I 

'a OTwlca^i ^«n ’Wt i aprt^ts 

'SWOra’JIR?!! ^TlOTtSSIl I ■ 

* 

.. (buocal cavity)—Slt*mi^ « WIW 

ttisii '8iwt ^tora ^ ^ 



•itfhir-fNi 

’aferora *i''5tr^ ’rtfs »rt f^»5flsr i' "eftirai 9 tf%, 
»W»I iailcaj airsTf *rtfBr5 CTt»lft 
Hcw <sw*f ^ ^ Kiymfi 

>rvncfi[ cai%f%«fif^i5^Ttni *itfe?i ^TfJii 

f»Hrt Mftfj ir«c^ Ctww» ^ ^rti 



^ *ttw «w <wfe if« 'snctl^’ii:^ 

tf* ^ I ^ STfirfS s^Swfw >9^? ’ItfN 

*Pft*tc9 ^ *!«< 1%sr ’fflw 1S0 C*rt*w^ '»rtC51 





>8^ 

^^rWar, fwi?rr?[ ^rWnr 
*r«^c^ir ’ftcf Pnri 

(pharynx) I ^*Iirf(% (trachea) 

^fiwtfir (gullet) srtw ^ % fer srrPr ^arrfwl ftPfs 

I tmrft wr® ^rot^r ^rIt® i 

^8TT?i« <2Wfi^ I 

1%^ f^ c^, ftr^- 

etnitw5iiipiii^ ^ I 

^ftfilfl^n (epiglottis) ^TtW ^^1^ 

^rW?® (7Ft5T3PC»l ISIC^ 

♦rf^ ^ ®fW ^ 3Ff^cw ’mtfsr 

"srrarMc^ f?c^ srrR:?! ^ i ^ ^it^i 

^t«^(hard palate) I <4^ I iP? il^«r 

(soft palate) ^(fk^ I ^ ^ 

’'TN^ <rif%®1, 

^C^l at^«| <i|^5RR^^'8 

Ttrt ^ 

’^rtc^^r ^*11 ^ 5it»it^ ^ 

fkus <tta; f^«i»rf^i wi i 

(thoracic cavity)—Off^tTQir 

5?rvf9fi?r?i «(iaitw <?rc^ 





>8'9 

<*lf*WCT «IlS« CT, <JW|S Pliora sim CT«ltK I 

<8^ *1\W (sternum) i<Rt ♦WC® OTPfC®? 

'I1?H|5 I «tf% Jjft® *Nntf% 

(rib) ft?rl’R15B'I (?wr«t ^ *tftH tt 1 Wtf% 

1 fe*ti:?r» iM'ttPf *tJRrtft Gift's ^il^il- 

c<rw I »r«RiTftf ^ WF »i^ c'ftfrt jft^, 



« SmpRni 

(cartilage) C«f1^ I 

4^*1 ^ ft^rH ’Fftm cf«ii ^ c^, 

’R'lJl »i<'it»('* 5fiM^ I <*^ *t8Rrtf% ejt^ ^ « 

^<tt>ra »i^rsRr srpi iw f«if^i ?wora 

%*K?RI Jift'S C«rt^ ^4tf% (daviole) sitW 



t88 




_'•rtiw^1 '5Wii %c«fw^*itrf 
«wt »[tt’n:*rtr 8W ftwf *t»stft'«rf»n[ »ift« c«rt^ i 

(abdominal cavity)—ftcw 

fef?i-»i®Rt ^ I ^ « fsiora ■swm Jicnr 

^ »t^i ®ft51 <s^ w®pr( (diaphragm) 

’srwn cTf«^ I tw 

(stomach) (oBSophagus) 

5?9rl ^ I "sra^rtPi ^ cw. 'sitsrfMc^^' 

I ^irf*ri (stomach), 

(intestines), (liver), (spleen), (pancreas) 

flF (kidney), (urinary bladder) WC*(fW?f*f^ 

(reproductive organs) ^ ^ 

Ttcsi I 

>Q (THTOS^r TO5iWl 

(pelvic region) I 

^ I ’rf^?r 

'9 ^1% ^ I 

W *fw—5rT5TOff5i?F ^5Rl 

^8r-«2r®jwc^ ^ i 

^ >rt<mi*f^ ^ti ^ ^ ^ I uq^ 

^ (upper arm), ®tWt4 

f 

(fore arm) 'S <ff (hand) I C^ 

.♦Wt <2r-!f'9I i 

c^ ^ ^»fc«qf «rc^5CT 

^ ^sitr? I 1^ dppi «ii| 





ntC5 I ^ (cMpaU), 

(metaoaxpals) '6 (phalanges) (%*! CSI^^ 

'8riVW'«f*l >‘PP ^PRI'®tT^ nlVtsuftltC? CT, 
nsfrttCTf^ f’tf^ 'Ti *t%t®pn ntis i 
«t? *lt*rw 'bw «rtC5, Tfl—^ (thigh), wwi 

(shank) « w(*| (foot) 1 fepps ut^ft «if^r, «r*rtr® ^ « 
B5W 'srf^ '«itc51 B^rc'W «if^ 1%st 'stCT 

' ^ WttWlft (tatsal)> •(TOtrtP* (mefcatarsal) 'Q 
(phalanges) I »I^ '®rf^ W C^tfe ^1? 

^ ^srtc^ c*i, ^5i[tfprt?t vii^ »r’^5T 

^t<ri ^k '®wr‘«2r®jr9n[ ^rikuas <trcif i 


0) ^ ? k^^ ^4=11 ¥?i I 

(^) ’tisT '8 fiF¥l i 

('O) CW*fC^^ I 

(8) ^Ftc^r ^5 

^ TO ? f^-^t’rhi 1> ? 

(e) S8 C^ c^p{ m ? 

(«») ^7 =^5n ^ c^5( ? f^- 

\ 

'stc^ k^t^ ^tc«rtRi I 



^ (cell) I Tff c^t^ 

''iSlI^'^'O <B(3f-<£f\oJ^ I €tf% 

(^(SrtC^^tWSr (protoplasm) ^^TtW <2fTt^ 

^srlr^ I ^KS (Duoleus) ^rrsPF ^ 

<*(t^ uEi^^ c<rN ^ ^?i I iflt 

(tissue) 

TOT I ^tsrtrw^i cTO?r wtft 'Q 

C2f%I ^ J ■®rtBf tw^ (epithelial tissue), 

^ ( oonuective tissue ), C*t%5^ ( muscular 
tissue) iR” (nervous tissue) ' 

^ ( enithelial tissue )—C?Ct^ ^ 

yspi^ ^tlrai «ivr<r 

^ ^ ^rtf^ I ^ai^csR 

(connective tissue)—•Tt^ 

^ CT, ^ci CTO^ 

^«T% 7\v^ ?rrc^i 





'»itcf I l%ir iTfir ««5i 

( musonlar tissue)—4^ ^ <StCTt®R1^PrtI^I 
*t1i?[ 14^ »r»tt’R W9 CTtsra 

«f5 ^65111 'snpisrtt!? 451 ? ^'s’j'sfira 

JUTtSH 'Slt’tsiW’tfsit 'tfB'S ^ I (TfC^ ftfet C*t^, 

>if|^ <rtw I ^*iirt1?’W’H, »tft3R*i, tt^rewt^i 
WISH c*flt ^ ^ I 

V 

^1^^^ (nervous tissue)— 

4^ '51il ^1 'rtC^ I ^ ^ 

*il%^ c^fs^ 4=«i; 4^ (srvtit ^ 
51^ I 5[l%? C?P??I ftfsii TO 4^5 'Sisrr® 
'SRSC^, 4^ Jmi W ^ '=H9n 
'SRi^fe 4^ lafFtH ?1t ! 

(blood)—?ra!^ 3ll5iTOt??I Cj4 I CTO? 

t?1 srtf^ ?! 5it^ (vessels) >rWC?J iSt^tf^ ?3 I 

®?|»1 4?t ^sgsi (?rt1^ ?< sw I «tf% '5^? ’tCSI «(tf^ 
fero *t®jrr«r5t to 4?? '5«ti ?f%5 »wsf &tf%i 

CTO? ?tf?c? c?f^5l fro TOi?r TO I ?^ »tfhfl 
Cir?1 ?1? C?, ^?TO! <St?t5ra WW (plasmb), C?l« 

(white blood corpuscles) 'Q c»ltfi« ( red blood 

corpuscles) Jit?^ TO?H5 ♦t«ft< f?Wt5I I ^t'Stf??' '4?^ ira* 
W CTO? ’It?! ?rt?^ ??, '5?H TOI "S?*! *tTO, <^ ?^ 
CTtsro ist^tc? CTO? ?tftc? »tfTOi «Rtt ^tft?1 ?t? I 4^*ra^ 
CW ?1? C?, ?^*tt^ TTO ®I?I TC? ?3' ?Pltt 





'>B\f 

^ i«wt?i «prr6 

f^ira? ?rm w^ri <rtc^ ^ 'sw «r=m ^ 

u5^ wT?iOTr^^<^c»rtft^i 

(seraip) ^®rl ^ I 

?[W^I «r5rt^ fert^ TO- 
?pi sri^pF ^ I 

Vflt ^f3R *« 

vst^^ f5(^^ *ip I c?n:^ TO ifTl^. 

¥l^fgc5rrc^ 'srwt^ ^«ttc^i 
^ ^ w c*f^ ^tffef 
T5t^ ^ ^T^fsrc^T ’Tl^ I 

^t^fsiOTl W1I9BI ^ OR? (Tit ^(TRI 

TO^Pr^t^f^ "srt^ ’«lti?F i 

'Q ?i5*^Pr^^f9i «Rtt ^ic^ ^ ^c^i 

4flt ^ Wf aw ^til 

W ^tc5 ?PI Tt% ^ I t^ (TTffe I 

(serum) t^llTFt ^1 ^ I 

^Wm (plasma—?[« ^fil^ I tftTS IR, 
'^^Jt^riW (albumen) vS I • W 


W^ ••• * 

CiSttfejI (s) ^T^f^twst 
{%) ^ iil<n ' ii:it-i 

*W<f (^ ) 

•"W ••• 


&*vs>« W 
8‘*« 
‘^b'VS 

«''!»«» W 
b-'et W 



(rad blood corposcles)—^^lul. 
>«? swnttCT -51*111 ^ ^ I 

’IPU ?« ftW l CT tf ^il (haamoglobin) *tW5 



CT« w^<*prt 


»rr»i c«Mt51 «ai^ RwitJliRws ’si%«R cire? 
c^tw iw tW!{ 'B^-'=mt^ c?rt»W9r 

^rs ftcaiic «t to 5 *rf^ fiM»r5 5 ^ ??n;PT ^ i(5 1 c»itf^ 

<1181^ '»!% C^rfftp* 5wn (red marrow) 

i'STtft ^ I steers •ftrv 1 

Ct* ^1»Rr| (white blood corpusdes)—C^Ft^TS 
?(« ^\ ^3^ 

HOT? W ^Fftn ^W ^aiCspF I 

<affe 

^1^ 1 ^<rr< fi=?l *(% 





I C^ Tl «RF C^ (?Pt5('e 

^rfe^r, ^irtctT?r >1?^ ^ri8^ <«ftr^i 

w (3it^^*^«i Wlwl TO[i 

OTtft^ *WH (red marrow), dfft[ (lymph glands), 

terfir»r (tonsil) ^(75^ <2tt^ ^l?R7I Ct95 bOTf?F 1 
V9V[\ (blood vessel) *- ^ ^sitcaTlW 
c^ 5(tf5|^-af^fj f^ (Strife 
f%i ^ I car irt^ ajarj f^arl to i^?r 

^ I f% >9 

^<?(i:— 

(i) f^ll ( vein )—1%l TO 

CW f?C^ ^ I «il^ CTO^ 1% iiR? 

pRTl '3^1^^?! TO I5?c^ ^?r I 



t^ stftft Pw c^% 

^* 1 ? ft?rl TO ft?r?r ^ftai 




(valve) ^apt^ I 

«RJ ^1^ an:^ W v^I^F 

•^rte^ ^tir^r, ’itc?! ad i ^ c*f^i 

art^ a, Pim ^ ^ ^1^51 Pmt?:^; Pt^rt^ 

•*f% srfi I 

M (artery)—(TO^ ft(^?ITt^ ^r® 

jsrttcari cap? ftf%r?tC5? 

f 15 ^<5. ^ ^ iflt TO ^tfro 1 aj-m uq^?' 

’ttai ^ •rT^-<2Ht’«l1 T^K\ <Mm 

TO 'm^\^ I «R% ^rrar f%rr^ ’«rti?pqsi ^tfei 
^ fF «i|^? -Ifes ^15 I 

(®) arr^ (capillary)”-f»Nn 'Q «(ai#t STtft 

^?I1 ai?^ I IR^ >8 ft?lt?t caj^C^ C»m 

^^VSl ^f»R5 srh^t^ I »il^ ai'pft 

'Q CJfi^ ^f% ^5T1 I aq?(? 'Si^jtflx 

f^?rl «Rtfi[^ ^^1 (tissue) 

air^fT «2rc5j»f ^?r I ’ . 


(Bone) 

*Pft4' I -aif^ •^WtZi^ aiWj 

's^bar^ 'b* iarai 

oo'^T^i' 'sr^- ^?"r ^jt»rfaRrir atsirw> 

c 





(calcium phosphate) •, ^ 

(calcium carbonate)^ ^fjT«lf3ra^ (caloium fluoride) 

'9 linitC>»PlW ^>ICTffe« (magnesium phosphate) '^SilliSt? 
f bn 'SRW C^t*ltW»l (collagen ) JltW 

hn •n'i W«i 

CT, ?iW5f^ atfirat ^oiTF ^?rl ^rts 

!ii I iaT?R9wi «ic*w fttjfwc’i? siW? bn 

r 

I "Sltsnrr ^ ^ (tissue) 

cf(f^ *itt—^'s ^ '®rr?r 

* 

5T?R I ^ «iTtc^ 

^ HWl (marrow) ^1^1 f^<r—'CSltf^ 'Q 

mm ’TW <2tTf^ ^ 

^S(tC^—(periosteum) I ^1 

1^5? 3P^*i ^ till 51^5! ^?»f fp 

1?|^ I . ^ 

' 8 ri^rti??i c«n:^ 311^311^*1^ “fc^'e ^ 

tfiirscr ^^1 s— 

{%) V|^ «ifl[ (long bones)—1^ 

3Ffwi ^^'1 

(K) Clt^ '»rftl ( short bones )—till '9 

mx 





('») (flat bones)—’/pT, ^r*Fl- 

>0 «2rtfNr i 

(8) (irregular bones)—'Q 

^tr^iF I 

5t^ 'BicspF Tt^ ^N»rtr w«ttftl 

(cartilage) I 

srr? *t^ I ^ <2r‘?f3r5 c^ «rt^ 

tn^e ^ m I «tf% nrftr® ^*15 
I ^ c^ tH^ Ttf^ 

^ I ^ift >r?^n <2rf% <itfec^ ^«>fe i «ff% Tif^ 

^tSI, (crown), iSlt^l (neck) 

^ (root) I «rr^rF swmf^Tr^ c’fPct c*f’?n 

^ c^, I c«5rtSi( 

(dentine) ^ (ivory) ^1 ^ I ^C<fT 4^6 '?5:W 

*51^ I "5^, '9^ ‘95? 

I ^rr#t 5fi^ wu^?r 5jip?i ifl^© ^ 

fen *fc«?i <2jm TO! I *fc^ a srnfhr ’rrftc^ 

i£i^ <2tTr?i^? w«f fwi iFf^i; <t*rrc«f^ 

^P[ (Slirrcirvr (enarael) I ^ ^ «ttC^, 

^T?l1 'SttfNr Ft’Fl I 

(cement) ^ 1 ^=rr?:3[5r vq jfC«^ 

f^wn? I 





>d8 

(Muscle) 

c^%c^ 'srm^rl i c^ ^ 

^ 91^ ?^f?f ^ 'SI ^1 I c*rc? a 
'SltC^ 'ST^OT 'STfffe i{C^ I '5r^ft^«l ^ ^51 

♦tfhFi "^Ffifc^r c5f^ ^ c^, C’flhsi C®t?rt^tfel 

'8[<T<^ firf^ (striated) I (2t^ C5t?rW6l C<1%51?r 
<71 cwfcrot® ( medullated) I 

OSW^ 'atf^ 'iPj^SK’t 

jR»nt I ^^5r«f5i c*i^ 5rt«rt9*r5 c®t?w^ ^ 
'«IIF^ lOT? ^Pf? 5f«(jf^ 5(1^ *w- 
cwtc«ic^ (non-medullaied) I 

'Siffe^s c^?r 5rc^ c^Wfel art? t5 

^ ^T-Jt ^ sr^rifir® 

^ ^ ^ 5T^1 wt’f ^ 

?rrt% <2f^ c«f ^ ^ I 

(TSt^lt^l c^ 3rc^ ^ 

'srtt^ I ^tfW’CT \ ^ C’l^C^tC^!! 

0 ’^^ »rt?i 'Q ft^ (?f’«ri ^ ^ 

ffear OT) I CT »it?l, ai^fe 

^ ^6^5 ca^ ?l^5 CWt^ C9^1 

(Dobie’s line) i 

C^%5 <l!if5t5T5rtC'5^ 'SftTTtm ^fa- 

9if¥s ^ I "W, tr^r- 

<2Wt^ <2rff% brft^ fipai, 



'sif&f^C^ 






"■ftTF I c»fflrF ^ 'stc^t 

^ 5 * ^51 *ttra, ’W 1 —(>) Wtw (voluntary) 4 ^? 


(^) '•WtWB (involuntary) I '«ltTO C*flf »lt«rfil*l^ <ttca 
*(1!:^ <4^ ’^frtcini ^entwTit « iswfite i?s i 
c<fwi frm »rttf^ i 'spit?^ 

orm ^»t5 ^1015 jic«(T 'srwm 'swir®^ ^Fitf 
■?oi I ^if?, jft^, «Rrti, 


iSt?PT?[ '^sa c»l% <111^ I 
>rt«it9*r5 'srr^a c*i% 
c'stirwfei 4^; "spitsa cvflt 

wPw (?t% ( strii)ed 
involuntary muscle fibre ) 
^rsi'Q I 

^^1 I c^ 

0^1% 


'siWcif?r TO I 





CTW (fat) 

TOtoc^rt <2ftir Ciiw i iS[^ 

<21^111 ^osTf^^TO sf^ri rifTO, 

'®^0rTO, ^tCil 




























cspT 5rt^ I ^ 5^5 pin's ^nc»t^ »rW bssit®' 
*iirtr6( "qt ^ tn iftnF I CTOT PpJi <sm ^ :— 

(») OTTOI ^«t»t ?W TO (SmiTO CW 1 %if« 

»rfTO ftPnri ^.i fe»w»r^F%t9 »pni (3(OT>a^ 
fSnri ftc«Prstn i fe*wi?ra *to isNn ironf siwi 

"rtfffl <w ^’W ’ipi® CTO TOP TO:^ I ^is^rt? 
Zirfro ^«t*t TO1 ’fTO CTO CTO TO1 "BinTO I 
(ii) CTO prt^t Pm «tTO siPrai, cTO?( ^t*t 

'siProtart? ^tfro »tTO jh 5 Thr*!, *tvft<-P«i 
'TOUl WtPl «, CTO fe^tCTO •tfil’ltit (oonduotor) TO I ' 
io) CiftTO TOJ«TO TOefSTO C^ JITOiI ^ itTO, 
(?i^ TtCT CTO totR 5fPrai toTO ?iti:<t la^? Jit^, 

TO^ isj^Ps ' 5 ^^ <TO|jr 4 ^p TOtfro ?w TO I 
TO*t PTjrTOfeP, TOt*lTO « *tCTO f^aCTOt TOII *tTO I 

(8) CTO crow TO ?nPrai fero TO'tr ?P5 to 
TOTO aw I 

srriiss (nervous system) 

*ffrw?r «iBr-«2r^9rtft ^ »ft^c5T ?rr%t?i 

P[^'^ ^1 —C^W?hB ( central nervous 

system) (peripheral nervous system) I 

(brain) ^8 (spinal cord) (Sm C2r% ^ 

(afferent) (efferent) I 

^[tsrrOT 5 m 





’Ft^ ifll "Sf »l%tf5TO 
« 511^%?t»i 

%« »K? I 

la^ *rti:^ watKlsi sjf%»'s (wi^i <hph 

c»rrf^-a«rrtt?f c>m ^f*w, c^rilsw. c^ stfev's 

<?wi^i tnil c’prara >ifir5 JRI? I 

*prB *rt^ c^ att w 'stm wnt .^arTt^ 'w-«l'8jTtfTt^ 
UR? ^Sf-«l^5WtfT C^CS, R^sff^st ’RRI «a^ >W»I- 
5iT^ ^Tsi =rt^®5>ppi '!iflr-<2i^ « ^tfk’F urt»Pt ^ ^ 
■it*!!!! irtM I ia^»t (jfw? «lc^ uur-uTBjw «sia, ‘?(P(«c.»t 
« JlirWal UTt*ta utt*|si fsri^ «l1tT I 

Mi'S'itiM feiri^«i ftrsff I cst^Tht 

*1^ uilPial I 51|?l 

'spif^ (?t^ *i?’i1'f srt^in ^fiiR I ^ ^t'fi'ss 

’RRt? »tlt^t:j srt^ at?il c»it »RRt«r c»fl(r® 

*rt5it^ I c*l% (?i^ >RRt>r ’Tt^sl art^Rws #*t ui^? c»it 

’Ftst't^ «I^ ^ I *tt^^*ftr5 fe»lfi('5 

sit^«13i (31^ JR^ (?TOr ’ittrt^ ftsi I 

C^« <?^ »R^ *Iltfl1> w Slt^ atffl, 4l?-?rq|FC^ 

^1«1 “csmi *tft*ltK’F-?R3R f^W ^ T* '5a(*f »tfit»fr5^ 
?>I '5WJ »rt?tTO « *tft»t1^<2rt« 

^ laR? fartai® 15^ I 

osfmi attw ^ ^ a <»t^cgCTs j ?ni*nf ura^ so# uit 

« 

jR’iW csR?!? •tt'#«cai ♦ttitifsl fiR I cm c»i^ >RRt>f 

*ltiilI1, STPl csmftl C*fltr5 ^ *lltl^ 





^itro fro 

apTI 51% 

^hh >8 ffe Tt^i I csm cs\m 31%^^ 
^ ^ ^ ’vto I 3rf%TO ^ 'srapitc?! c^it 

^1 5rt^^a?i ^?m*l 0 ^ 


W (Skin) 

’*ffk?i^ ^tfe^ra ^ ^ I ^ m, »a^fe 

^ (epidermis), ^?r ^1 ^«f 

(dermis) I ^^5^ ’tlT^ sTIt^ 'SI ft^ i 

^‘*fkl I *2(5151^ 

^ ^ I #tor TOf 31^ ^ '5rr5(;5rt'5tC5^ 

arc^fj 3it^, %1, vs (TW dtft, C^ltai 

'9 (?rl3I 5pfi^ «fST7 5it;5iC9fl[ I 

^[Pii'stn »r?ft4 c^rr^tf 

c^, OT f^OT 5fft >Q 5T<r ai’yc^ f!Ffi»< m-\ 

^t5rSJ5F I c®it3J^^[ s^fiic^ 'srfSRTl 'aw:% ^ 

^ ^ I ^ CaTfai^^ftc^ ^Tra[tC<f?r C*rm ans^n 

^1% ai^?l 5rp|i 7i[ps\ %t?rr& cwc^ ^ 

*(?r< '#5ftnr till cntaif*t 5Ttftni i ^-%ar 

ciwfr ^t^«fhr Tf^ I <2f^ 'aft<r (?rOT9 

'sitarfOT CJf^ T^ ft#5 1^ I C^rars ^*1 ^ ^ 





c*f^ orc^ I 

c^TtsTf^ 'irtf^Ti ^f=(^ ^ ^ ^f^cir 

^'qti i 

C*w (hair)--5OT (dermia) C5tfe C^tfe 

v£lt 'iWft C^H I (?FtftC^ 5|1^. 

<2rfii C^?I TOII 

CW ^1 ^fSrifbw «tft[ (sweat gland)—tll^ «2r^ 

^ a TtCST pi 

irr® ♦tioti ’itrc^**Fi 

I «2ir5T^ ^ ^ 

I oat 5T^?^ fit% c^ft'sfsr ^ I 

(nails)—^ 1 ^ «2rr^ft^ I 

^ ^ I (?r '®r“c»f^ ^«f 

^?rrc?P inc^ »r^Tl (nail-bed) ^ I C^t^T 

511^ 5n ^5ij 5T^ ^rfte^ cfp{ ^\ I 

I ^ ’iTOi 'srCTtFsn :— 

^ I cwcw «rf^tfii—(?fc^ ^rwr?F 

(TFt^ <21^ 'BI'W® ?P*n ^ ; 

^ I 

^ I hffk^ «W5l w*l—'srf^fi^F 

C!Pt!T« ^1^*1 ?f% ?fif ’TfH 

5ri cwf ^ wc»r ^ w-ftft^ cw 

^ nfe^'Q, bfft^ 5t^ ^ I 



5«>* 

aw? >t%^ bfftr 43tt»Bt »pw 
5WI I ’ 

<9 1 ?tfat-ai?ttn Ji^tysi? " "i fe »it^rwr »rtat? 

ti^-awtn ^ ?? I c?Pt OTt^ ^ 

^ <E?i ^tsrorc? i??? ?1?1 w?ifSr ®t^-'srat^ 

^ ?nr, ^ w 

%l Pr^ ^ I 

8 I ^t«f aff«| (absorption)—CTO 

srfPir^r, ^ fWi cm tot i 

ft I cw-f»c^«r—cTO?r cm^ ^ i 

W*! 'S <!fTC^*| 

'81 ^t^f's c^^fsrt^ 

5rt^?r <«rtc^ i 

«iir«rt»n 

(^) «2}?pt?r ^ ^ f% ? 

(^) w ^Ki c^t^ ^ 1^ 9 

(o) w^rffe ? 

(8) f% ? 

(8) ^rgs^irtf^ ^ i 

('!>) ^rt^iTO ^ ? 'srf^ 

WF WtH I 

(^) "snw 'Q ^spTt^^ c’t^hr ’Rf^^r ^ i 

(ir) ^ csim <2tc^i«r^^ 1% ? 

(a) fis?t^ »Rf^ 'sitc^rl^sri i 

(:>•) 



(circulatory system) 

ujt ^ ^twi 'Q 

^ I 3[OT «KrR 1 

wn m j 

si^fpr^ cHtf^ ^i?c^ 

i^Pr^i, ft?i1 «2rff^?r f^?rl 





5?<f^r9 fip%l ^tc^T I ^ Of^ 

ftfsrc^ c^ »i3i? »rrc^ ^n \ 

pPic^ I Mftc^ ms ^ 5tai ^eert^ ??r i 
^ ^ vfl^ ^®T J3p«l ^f^Vl i 




a ^fif, ^?r- 

w I dj^fisr 

'rr»r-«ittOTi %?n ^ 

^ I ^?n c»ltf«n5 W5i*?-^aRr '®r^^ ^tPr 

^ ^ ^f?(^ I 

Wlff C"ftPf^-W3I5T-^$C5r?l ^*1, ^ 



'Q ^ f»n3*c^ 5r<(T^ Tfc^ I ^ ‘ii^ ^?tir 
^ TOR i CH t y iP ifi T '=i^Tf^ I "'fPnmr ^ 



(pericardial sao) I 'tPlSl 

*t<h fftri fsit^ I 4^ *tfi wm 
^tcm ^Ri I ^ *t^t? >i^RSi TtCT «w? 
?m «ttr^i «tf»retfe ta^ aw? 'SRTtit fW, 

<2tt5t«RTsprw ^ •tttit I ^rora «rtTO!i arm 

•a^fe ^tu5it >i5rm I ^ sitr»rc*i% aw •a’Ffe 
^*11 ^1 f®'sa^ cffpK^ la’HS alff a1*ral 

. TO ^9—§TO ^ 99, %5 99 I feTO9 TO9 Stl9 

^fiw (auricle) STfsT ftiW (ventricle) I 

^ 'srr^ciT cwrfe «rrft^ i fif^nr 

<2tt5*)?i cqtfei I ^rrc^ 

'Q «rr^ ^srrfli:? c^r« 

5itt I ^ '8 5m?v ^5rtt5 ^ 

'q "sitiii I ^ 

c^, ^^Mai w?wi #ra1 ^ 

^ ftror <2(c^ 

nrc^i 5ii I ^ ^wa (valve) ^i^ti "“rfc^ 

ifpF«| ^5r%5jf (right auricle) 1?^C^ 

'Sitfinrl ^1 feiR'" (vena cava 

superior) '8 ftw (vena cava inferior) 51131^ S|[^ 

'arrPm I ftf wtf»Rri^ cftfc ^^tffen 

'srfc^ ; srfsr ( eustachian ) I 

^ cTfsre srt^ i 



(tricuspid valve) ’ItSlt^ 

^<trS^1 'Sft^ I ^irWfill »rt^W (coronary sinus) 


'srf&R 

*rr0i 

5p*rri6^i 

t%^5C^ ^Blt^ 

JTt^^r feff-’t’f i f^l 

^ ^fiir^^iT?r m «fpp*i i firwfiT?tn 

(thebesius valve) •{t^^ I 

wftp*l ^*11 ®T*C fifSTCT?! (right ventricle) (li5- 

I 'srfcfriif srrpRt^ ; t^t?r 

f%5T nmi ^ i5t^i I <r% 

(pulmonary artery) STC^fl •, C^ ^srtllW 

5it^ «rt5W (semilunar valve) I 

^ ^flirl CTtfe stftfe V*'V^ 

(pulmonary veins) ^ (left auricle ) etC^»f 




■rtfhi-ftwi 


>«)« 

‘SR? ^?tc«r5 ifR csrPt« stt^i isi^ ?tR 

RtR <w1i %f fW »R?;B' I >s^ f%3»K<lt 

ffWtirl (biou^d vjdTs) fttfRtsf I 

RtR^ftpsRI 5IWT «ltc? I <snTiB TW RtR 

^ fSniCT (left ventricle) Rt«5l RftI ( >si^ *tCR ft»t1?l1 
»tti5sfl ( biBouepid valve ) sj^:^ Rfeffltf? I '®rR 

>si^ 1%!9 4'sill (aorta) sTtRT »lf^ I *lft- 

CMTft® ira* 4^ 5P5TSPI% W %1 *i%«r ^'gt^ 

I ^ f^CSf WlFSTt^Ff^ (semilunar) ^arfTf I 

^rr5(^ srtJs ^rora 

I 

Tm filc^ ?rr%t c^»f I^ki ^t?r c^, 

<2N3r5 ^ ^an 5^ aitail 

>tjf, 

^ i ^ w aRm 

^1 c^tH« <2r^t^ srtsrft^ ^sf»3^ w^ 

I c^, vfl-spfe grt?r i 

\ 

bff^ hFftc^ I 

w:?ra c^ '®rr^1 ^us >9 «2i»iTflr® ^ 

*^51 ^ferl I ‘St'^^r «5^PlC'Q^ 

>n:^tBriT 'Q 

^ ^1 «rrc^ ai5?? **’*f*^ ^sfe^Tt'fs 

3T^ fet^ ^^T?( w 1 



fsjwm-'sifcsrrpsii 


OT— ^ 

^ I '»4t 

^wti>c«{?r i ^ f=TO^ <2rc^ ^ i wf^*! 1^ 

ftsm ^ I '8rf%’*f 

'S fsTTORI sf^rPT^ ^ ’SjpT I 

f%5!OTi •tWcwtirrft ftui »ltiiCTt^tfii 

3n:<fj (src^ c^ vjcur 

Tt^ I ^PffC’T 'aif%C®^C^^ ^fk^ C^ ^ 

'BipCT 'srrc^ I ^ 

3Tf f5^ ^ ^w?[ ^C^T ^srf^ 'Q 

^ I %5 ^i?[ fsi^ia s»tf^?i 

^3F[ I ail ^ jl^Pltar 'f[§^ 1^ aj5^? 

^^irfe^t'Q ^1 ^ I ^ 

^sfert^fe ^F^rtfe^Pl 3l<fl 3rft^R% ( aorta) 

<2nR»r ai^^ 3RR l^?i »ft’?ii <2Wt^ fwi 

I 

^ 5Rt^pr% ^Isrrl, •it^ 

<2Mt^?i <rrfl® ^ ai^? apc^r w fwi 

^r® ^ I ail 

aji5 ^ C^, 51^ 59ItF5f ^?:'3 

I . <R^ ^Ic® ^(%C«H-ftt®l^ <£tc^*f 

a»^ ^Ic® *1®^^ 'Q '^'^•1 ^?pr i 

ail ^Ftcl?r ^ TO ^1^ ^ I ai| ^sr^fitir ^iTO?r 

C’l^s^’pp^ ^stfk^ ai^ ®t|- 



^ I w 

I ’W Pf^ 'fl^" 

‘f^Vl C^r ( vena cava) ^ f%?lt^ ^l«rT fel, 

3^C?R[ I W<2t^^t^ ^PW? 

<2f«tt#t^ I 

^ ?pp*i ^1 

Trft?f ^ ^tc’t 

'»t^ ^NC*f 3^?r 's *rf«iit?r 

fk'sw I ■^'5511 ^«it^?ii:®r?i 

fesil t%?l1 (air cells) '®ri%C^^ «2f?:^H tSl^x 

f5l5fC?I?I ^t*l <2lc^»l' 

I ^strsT"^' ^R!?i 1 f*t?i1 ’it^i 

<St«ft^ I 

C^lSt*I ^ v£|^15 ri-^- 

<2r^t^ I ^■^?[ *ft^‘1 ‘-^^1 I 

*{T^-'SKf’^1 'stt’Tf**!^, "*151, ^?irt*f^ (pancreas) 

3n:«(T <2n:^*f ^r?r 

«il^ V(^ C^tt^ i£|?fr 31C<(J ^1 

(liver) 0(:^ I <2lC^*f 

>Tr'^n-<2nwt¥ «Rc*f^ ^ 

^l^^sTo ^f?j?[1 W'3?r 3i?(jf^'® 

D 





(coronary circulation) I f*l®nr 

^ <ffira1 ^pF*l <2lc^ I 

«rtriit»n 

(^) ^*nrc^ fsrpTi ^1 i^5r (?R ? 

(5) W5 ^ mi ? ^ 

^<5(1 ^?r I 

('o) *t^ c^ ? 4 ^ I 

(8) c^t«^ 

sr:^ i?r r- 

«[f8[ ^<(jt?l 

’?1'»1^03l (Respiratory System) 

tf^i "sjfif ^c^3T .n^? trwfr^^r 

I »i|if ^f5IC«r^ ftsfl mnii 

^ 1 I (71 ^or?i 5TW71T ttwK 

«r<rr5^ ’trdS—(>) sTW^«»t (nares), 
{^) c^Rl"^ (pharynx), (o) (trachea '9 bronchii), 

(s) (lungs) 'Q ( 4 ) (diaphragm) | 





(>) (nares)—srfltSI^ 

^c^t«i sTt*rt*i't ^ 15rt>rftn^^i »n[M ^ *too5 

’rc<(i ^ ?tir«'®rtt51 ’n:«(i 

« <ftsi(tf% 'stRw c»i^<itc5i^ 5rtJrt*w c»Pi 

^?fR51 nt»rt5«r5 'srmi ct ai^i ^ isN^r® •n*itflw 

^ ^ v<i 4 

^ Ttfcri 

I ^W\ f^l ^ ^ferl, 

Tr?r I Cl Tl\ '2fc^ 

^^1 it'Qi ^s^^K ^ ^^«rh8 5?11 

(^) CTf%^^ (pharynx)—'Q d^ 

^ I ^ C^T& 

^5, ^tsf ^Tq[iSff^ (tonsil) I c<Fr^?i:^?i c^ 

(uvula) I 

(‘5) ’Tt^iftfiT (trachea)— C3(tfeH|5^C^ ^r^l 

5rt?r I «2l«l5[ (larynx) 1 ^^1^ f^t^ 

'«rt^i! ^<?fi ^^1, ’tt^ ^A\m, <2rfF5 ^%i 

nrf^ I i£i| fegf?j ^fSrfirs^l (epiglottis) vfi^fe 

(2m^ ^irfeR 5ftPt?n 

I -^XHCf Itf^^l 'ill 

T?pP*l ^ ^ 3IWt^ (bronchi) ^ 

I '8 ;5?irfi»fNi I »i*s/*i 

«T^ ^sTr^fr ^*rtf% ?hii i ^“5t'?*'«tr‘5f « 

« 


v£l^? '«r^*t ^31 I 





(8) (lungs)—’5tt^^C3'il 

(2ic?9t«p% '®w I I 

^irl ^ 5 ^C< 

^filill I ?l^ ^rm ^£1^ (21^ 

^m*i I *rpF*i f^=rfe ^ ^tsr 

^ \ cgrf% ^ ^1 -nfl^ I ^ 

I ^ar ^smc^ 

^ ^Ttft ?i%t(:^ I ai^ Ttc^ 

^f%C^5T t5jl[*l srtfr^I 

cEm^ I 

(ft) (diaphragm)—^^1 '« '-l^JT^ 

Ttc^ ^fl I 

d* 

('i) (inspiration)— ^KJW\ 

%5 srrfei ^ I <i3fr^if! 

(sternum) fe6?l1 5 ai|* 

^ '5rr?^5i I 

5t>r i 

Tn,5rr>TW ^%i «rc-^ 

c^ty ^tft^ ^1155 «r?:^ w ^ i 

(^) (expiration)—tl'JI'Sn^«m MJ5f.?1 ^ 





¥^51 I 'S||y^*i C?T^ (<1^5 

?3f c»i?i ^[«(rf?'5 ^^<8 irr? 5P5 5rt% ?5V| TO I 

<fl^ faratr^^ ’itt^nsn^l ^*11 i 

('O) irfiHOTiT ve *tftl-»ffi[^ 

^srM ^tP{ f ^vs I 

^ 5?tft ^rwir, 

w^us 'sif^CT? ^ '5rt%5 

^ mKj <2tr^*r to i 

(8) wrc^ ^ (nervous mechanism)— 

c^, 'srfir^t^^r ^jFsciic^ ^firrs t 

('0 TOfaRl TO ? C^t5( C’^i^ TO?i 5IWOT 

^^twr'5rCTt5'^1 
(^) ^ «ltotf«r5 f 

(5) J’lPffej ft r 



^ ^ (Digestive System) 

^ C^WI^ irtf»I (alimentary 

canal) I ^ I *£l^ f|^ STlfsii:^ 

^tsJtOf^ VTTC^' I 

i 

a ^N*t 

(stomach), ^It^ ^C5?[ (duodenum) 'Q (large 

intestines) I ^^WtOTl '« 

(pancreas) I ^ ^ 

>rt^tPiT >8 Ft! ^?r i 

(parotid), ^-«rjt%5rtf% 
(submaxillary) 'Q (sublingual) 

firt^ 'Sltc^ I v£i^ ^ ^tfel 

?i»i 

^?[ feWffW (ptyalin) 

'srtc^ I v5| c’Ts^Tt^ ^t€hf twf^ 

r 

’S[5F(^ >8 srt^rrFff^t^ ’^I'par ^fef^r^ f^ 

(oesophagus) •TtST^F '^!i*ltf»lC'i <2JU^ ^C'il I ^Vf 
^ ®1TI tT»i=rrFT?i WTS I f^5l 

’TlTO^T ^Na ^ I ^1 ^P{ 







’®rr^f^ I ^Kj ^ ’JitPFc^T, sTt-^ 

*«m:^ ^ (2inH ^1 to I 

^?i ^?f *ii^fe tortcap^^ %?? '«it^ 

'SfusRT I ^srfarM^^ '5 [?cm ^?rl ^riir, 

(^) ^I’^l^imil (cardiac end), (^) 'STtrl^ (fundus) ^8 
(o) fif’taift?! (pyloric end) I 

^f^TWar arc^l 

I ’ toc^ 'Clt^l'W^ ^7[ (gastric juice) v£i| 

^i:af t2t<(r^ '8 ^Tttotra^^ i C^sttfc 

’^rr^c^ aii^^t^T ‘2t<rf=T 1 

’rr^:5c^ aCT a cut^-ft^^ 'srtarMor ^fann 

I 

'STfarr-rroani >rft;5 ftpfsil ^ai ^\C^, 

^STfarMnilJ ft’taiTO 'S a[«carf^t^5T^ »f|^ 

ViXm aitiTir tpT?ii art^ 4^? apc^i ’^rrro^T 'sr’^iTt^ 

^artcar (duodenum) <2tm ^ ^ I 'f5ftC5[ 

ijct^ ‘5ttar^ af^fi^ >8 tStaftfir? 

I aj^Tf^ '8 (2rarr?ic«r?r ^rt^rg^j <it5^?ii:ar^ 
aift^ ftfirs ^?r|, 'arfCaffarTTO >n:^ ap:^ ^ ^«tt^ 
^ I an:<fT T?r c^ C*rt^-^ (viiius) 

'Sltc^, ai^^ ap^ 

=rr^an5j:^?r ^rc^d c-rtft^ ^ i 

’filtcs i%aT <2rFt^ ^ay f5{^« | »2pit?i^, fSr:^ 

(bile) I W^^bF #t< TO ‘il’l? 



fwtsi-ntisrtwi 


>18 

<ittr? I fs€t?'5, <511111*15 55 

^rTjjt*H ?l*l (pancreatic juice) I ^5l5 5C5I 

C'»rs*it?i*nrtif cwEWif wnw <95? c«tttl*(*firN' 

WfiW JftiPF l%51 <21515 tfliw 51 ^TtC5 I <9^ i2t5l5 9(155' 
511513K1 C5'$115, CH <8 CfitlfBl W1€|5 UST 555 I 

'?lt5'5,5ftfsr^ V>i (succns entericus) I <9^ 51 l^'TC<2tlf5*l 
'Sfl'siS 1Tt<^ 11W1T5J I'll 5 >95? ^ ItnUl 5515 ifi^ 

fiPt5i jy:5iiii55 in5< 5551 <9^1 

<511115115 Itlftl ItirgiJ If5ll5'15315 155T fl^ <5I5Tf5 
55 <95? ^151515 15T 5t5'5 <2(5'® 115 1?t<^ <#55 
CUfl^ 55 I 515S5 15lf^ '«ll5 '111 55151 Clflw 55 
<95? 'SRplfe 11 5^ 1155 t^5 5ll55 55 I 


<arttirf*i 1 

(>) 11® 51515 m 1515?55 CHH .Stf^ 1^ <555 
>95? ^515 <2t55l®fl5<$1 fi' ? 

(5) 11111555 1%®1? §5l5 151T C®t5( C5t5( 

^15® 51 ll^S 55 >95? ^51515 HI f® ? 

(■s) <501 ®5 <2(^15 <95? ^51515 155T CH^ CH^ Hi® 51 
1^55? 

(8) 1*1551 ® <151115 5515 Hi CH5l5 <95? 

^11515 irW f® T 

(«) 5515 ^151lPr®1155® 1151 ®11 I 



m 

^tc^, ^ ^t^tcw^ ^ I 

a, 'srt^i^i «f^*i ^"W:^ 

>Tf^ ft»(T^D5 vtti% 1 5if^<tr^ TOf <2rRfe 

Prfi^ «2fc?rtw5rrfpitoi ^f^?rl c^tc^r i 

feri ^ I 

%f%fil^ ^^Wt5 ^atC^ ^?[1 

,“— 

^ I Tl NS --f^i I 

^ I c<2rrfe=T I 

>:> I C5r^Wt^?l <^t< I 
8 I m«Ws|^ <1*fT< I 
& I ^ I 

6 I ^ <(t®i2tf*l (vitamin) I 

5 1 ’vtc^Nt^cs?^ (carbohydrate)— 

c^’rt^ >Q »#?n cJt^?f 

Wl, 51^, ■®rt^«2rff% <iwt^ I 

^m\ ^ ^ic4j«ti^cj^6 ’^rt^ ’jrrf%, c»f^ ^ 

:5Wf5f^ (grape-sugar) ^^2311^ ftpifl ^t^T I 





‘ST’fai^ ’Ttif ^Vs 

^5Wf^^(7F TO I 

(gyrsrt ^CT I 'W^ 

<n^ <2t^?i ^ ’®rtc5 I ‘flt ®rr^^ ^ 

(7f\^T^KS ^rrpRTl ^ I 'S 

CTO'S TOC*1 ^IC^ ^TO ^CST, wc^ 
ftfe ^mt?[^i fei^?r sjtTO ^TO 

C^Pf T3[ ^?rl TO% TO I f&Pra Tfan TO c^rCC 

« 

5T1, TO-m ^5T ^ ftfe 'srrPTO \ 

^TO TO, C5f3^ 3R^ ’»F^<2tt^ ^T I 

^ I c^tl^ (protein)—CcsrifesT ^PtC^ TORTI ^tTO*r5 

TO, TO <2r^f% '®rc5r^ ’f?tc«fs ^<5(1 5[tiTO c<2rtt55T 

TO I <?*ic^^ c<2tTtSTO c«2rrfe5i toi 

Wt^n, <21^ TOT'S C^rtfesi TOTOJ^ 

'Sim? I c<2rrffi5T TOtro «2tftl ^TOtsf, 

uq^ (2ITO TO^ TO, TO CTOTS 

^TO 'Si?? TO!?r fe?n 'TO I c^sitfisi 

(TO 'Sirffic^n lii^ (ammino acid) TO^ TOtC'^ iSTOf?'® 
^ (?il 'srTO f^froi TO I TOrPfW 

TOR (R, TOTOOT fefl^ C^srtfe^i 'SiC’^ «2rr%^ C(2fttesT^ 
'srf^TOTO%i cTOPsrrarfefi^ c«2rtfe5i cro^ 
c^sttfes? 'TO^*l 'srfw TOrR 

TO ^ir I ^TO® ^TO TOR TOT®1 ^cIto 

I liPF^ (£it^ ^ crop’s fro sir (;> ctoi ) 





<2rt%^ c^fesr 

Tr9e% I c<2rtfe5T crtwi’? c«2rrT:fet?rr^an:^ ^ toi i 
'^3^^ c^ri^^tiOTi ‘‘H:^ fkc^ «2n:^^^TO 

1 cm^ ^ i 

'3 I (fata)—srm 

»2tt%f 7 ^ e2^ff% i^5I, c^- 

I l^t'Q ^5fi^ I 

cwD? ^rtaii c^ ^ i 

“iftrsi 5f^ <?rtfT^, it^Qi ^rrfsti:^ ^tl i 

^50 T5l^?r ^i6?n i 

c2rsit5T ^m, 

c«rrfe^ ^t^'Q tiif: «2m^ 

I c^ ^^t«f ^fwi I 

8 I 5|^«| (salt)— -^rrsml 

I f¥i5 c^tfer-[ orntt's '®r<^t'!. ^t«rf^*i 

i c*rtF«n:^ 'sr^ifiiFtf 

=is*f I ’Tt'ssii ?^?ri ’-rr?i ^px^i 

%‘f I "^iri <2t^f^ arr?:’t 

W(? f=r5r»[ ^1 ^ I 5rtTst5i 

5i^«i ^^*1 I 

<t I W»r (water)—^ fts(1 3rr?PT tffe^ ^ I 

wf^ <2rf%(:^tc^ #R^% I c“frf«r5- 

^ ^t<C^ ^3r '8 «£|f%f5TW fe>Ttr?f'S 

I— 





'b I wr^fetftir ^tW*lt*l (vitamin)— 

^tc^rtiRl c»iT^1 "srfsjlm 

^ «ft<T«n 1 ^ 

^fetl^sT I %t^tUf?[ ^ ITT, ^"Wl- 
^'fewfe, ct^itfesi, c?r^wt€t^ ’twt^ 

^?r; 

^^t?r ^filC^f ^ ^ 5i1 I Ifl^©% 

^pjtTfl ?I^W1, <»f5l »lt^-^, W ^8 

^ ’ItOT *ffe ^ I 

(2Riivi =rr^«( 

I 3R:<fT c^t^'8 <1f 

"srTcw '®nst^ ^ ^ i (?rl 

^ ^i2rr«i ^5TI 

A, B, C U5?? D I 

(^) *(11” (A)—iilt I 

^fsi^ (St'ffe SF<5.:^ 

^tf? ^«t(:^t#t &t§^i 

C«l|^, (2t^ »fti:^, v|t^1 f^tf% <2t^f^ 

=^, ’it'^i:^ v£)^? i£i^ ^3[t?r 

I c»rf3ii c^, 'srtarnrni c?cm^ §t^, 

fb^^r, C?lt1^^, ^»[ <21^ si<!.l>ra 

<2ipi ^5rtC«l ^^1 ^1 bf^ ^ ^ 

^tinsl ^c?r I 

(^) "ft” (B)—uq^ ^ I 







C-Tt^ ^%, ^t^T, 

<2ig^ I c?u^ ^fe®i c^c^fii c^t’T 

(o) «t^&tfi|5f “fir (O—^1^1 

^tar, 'STtf^l, f%5rtf% (cfetaitc^) 

(2|^f% apCST vii^? ’It^l 51TI. C’tt^ C^% 

arW ^Etf% sTtaf^ | 

^1 c>Rrsi c?c^ c-itPr^ ^?[ i 

. (8) “fe" (D)—:^% I 

hic^ vQ ^3^'| <5fft^ ’ifiram:*! "sriri i 

'It'Sl f^Cai<T •« sit’JOT ^'«?j arr?l I 

a[^?f f%^c?[ <2rg^f <iRiafn:«i i 
aiv® cgr^t^ “^C*^ 

C^tarrft^^ I c<|^ ^ftOT *tft=[t*l 'Q 

^sitam:?^ wt^n i iS<f c*fc^“^ '^tw 

^Ri?:^ ';5t^ T^ku[ I 

csr^t<T 'Q c^RST fe^carrRt^i ir5 'q sits^tl?^ 

car^^’l I -TC«fT ’iT^i 

I ^ 5F|^ «st^*i 

5 ^^1 ’^(tc® ^Ifetfarcar^ '®r«‘R ^ i 
'^rfsrtunr ^’srl i arr^ti:^ 

^^?rtcar c*fc^^ 5R75*?r ^ft'S f^Pt^i aR-r arf?^, ^Rr csTf 
ft’<rf*i <ltc?r, *f!r^t?i i cr ^tc^ 





^#431 ^ I ^i:^, 

^ C?lN4^ ^ I «tC5{r-^ 1^ 

«it^t 4i«?f TO^Ti ^ 5ri ^^rfesif 

^«(T 4t^tW*l ^1 f^% (3[t5^^t?r 4^61 

^511 i?(t^i nmm ^3f <irrTi 0 ^ 1 ^ 

^ts?% I 

■'^’^rfsi ^rnsnrl c^h 4 ^pfe© 

ftRi^rtfk I f%^ ^ c^, «flTO^T ^ 

^ ^n I <ttf44 "^1 Fifei:^^ c5ffifc^ 

’trrsi, ^n:^ 5rr^?c4?i 

C^'f ^?IW 1 ^ "^1 bT4 I < 2 rff% 

^ir-^r?!^ Mf\n 'SRspp ispiT'^^ttt^ I 'srt^ c^it^ 

^ %i 4 * 1^61 I 

^b 1 ¥4^ «£f’^1 I ^ 

^?r ^VQ^] TtTT I I 

c^4i, ^’i Tt^’ttc^ I uq^ 

^ 'siOTtN^^f ^ ^^h^^ ^ I fet^i »rhp ^ 

^ mn ^srrc^, ^tr*ni ^ks ^^^^1 

I cvfiitfeiT, 4#gi, ct^'m, 4^«i 'Q w 

^itartu I ^tir ^-tust^ 

<#5|tc*i ^?ii I 

’^ 1 '® c^^i? cffc^^ n,ft ^ *111 

«5l^R ’?ilf^^'^l ^tfw ^4^ 5^1 ^f^c4, cwr^ 





^ sn I 'srt^rcBfOT '«(?r-<2t^i^ 
#1< VQ c^fituFt^ ^ I ^ ms ^TO5 

^iRt^tPT c*TO ftpmi (TO^ 

^jWsr Tl 'srt^isr^ i 

«rtr»rw 

(^) c^srrtesi 'Q 

' ('!») c*OT?i '1^’p c«rfeii ^ I 

m 

( 8 ) f% ^ ? 

(ft) 'STWrini ’^w ^m\ 

^ ^ f% ? 

(«») c^^^^ ^<si1 I 






*nrr’^-fwt 







(Introduction) 

^srrc??i ftl^sr c?Rfc^ 

^^y ^ii'Q 'arr^rm vi i 

*rt^, ^^ar%; 'aitPisn 

<2rf!% I «3f«rfhi ^^^*1 fsgrs ^ 

arriSc^ ^CV I ^ 

> 

=rr^ '^f^m i 

^5T ^5c^ >rr^fa^ toi i ?itfe^ 

*511^ c^ ^itcarr^t 

^aiTOT ^ I crs^ <?PtC^ I 

^taj can^m:^ ^ «K?r 

^sitartw?r c*rf i ^ ^ 



f^«t5t-^5rtr®rt5sn 


I 'siww »nr (Jic^ CTCT ^ 'sl^ ’ic*f 

»i»|p<r (?if5rai ^ i ^ c»rWrT ’fi?! i 

f^npws '«iit51 "(iTO CT ’=tfpife% 1%^ ’(fftn ^rrf? 
^ sra j <a^ CT ’tf%, '®rtC 5 ri, 

^»I, gr? « ^ ist^fei ’?'I1 ^ 

-Sr 'srtCTk^ ^ "sicsw I ’rtarc^ *HfT<^ W 

^ I ^ ?i1%, ^itc®n, ^»t <«P(' >9^ »tf^ I 

*Wt<’ <9^? fell? ’FCT ?tTft? ?jt»tt? 

?<fecfi ?*?#'«fRc«5® I 'srtara "Hfe 

1?^ ^} 'sfr?i? »ife?fe »pftc<? '*ifee ??Kr? ?tfe? I 
»tfe « »i?ti:<? ?^5-<2tfeti;^ c? ftf^ ?jt*it? ?i^ 

f»lfCT ?%1C5 >9?^ <9?'f5 fi|f^ 1??? I f?M? f?c*t? m^t? ?t?1 

>9?? ?(85t ^tri n?^??? i^r "aRTt? f?*6?^ ?i6c?— 

<2|1?fe ^ ( Law of Nature 

^“fsTl CW^in ^ 'Q 

(sn^fe^ ^ ^ fk^ i 

(Observation), (Experiment), <S|3ft*I (Verification) 

(Beasoning) <2tf^?lt^ I 

(Matter and Energy) 

Tt^ ku:^, 's'^R i 

•n^sf, >8 Tt^r Tt^i ^?ii 3m 

■<2t^ ^N®1 Isi 5jt^?[*i ^trw^ 





vO 

*t%T[ ^51 5lt I Wist ^ I ^?1OT1, ^t«t, 

<!rff% »tf^ crtw cir«ti ’ll? sn I 'st^ 

CT ’ifsTssi ^ 'sW iSf »pra »tf%^ 

'srtWl '=1^^ ^F%l *ltPF I 

'•pm (Three States of matter) 

'»rtTi?rl c^ c»TO, 

«2l^fer ^ W5T, c^^r, (2rff%^ •ntn 

I (TT c^ 

Vil^ ^ I ^’JCIrgsC^r (Solid), 

(Liquid) ^t?r% Tl ^t% (Gaseous) ^5^1 ^,11 I 

I ^51, C^^, mw, 

<sr|f% I ?5ttc§lOT!T, '5lpHC^5i~v£|^'^f5T 

'^rjt^hr I c^c^i 

C?^1 ^t?r I '8F5f, ^^trfc^T '^tS's, 

'«i^ I WF ^?r, ^5T 

^ I ^1 w\ ^i\\ ^ «j[5 it^l 

'srhtiT ^ I ?rrfe^ cm, ft 

<2rff% ^fi=T ^ I ^m ’Fftc®! ferf'sii 

^^15rl« ^cii I 

(Structure of matter) 

^1 <ITftr«T ciisrsT 

'sr^Ttrr ^T?r ^rfft^l ’sit?? 

^ ^ sfi I ^31^51 STf^l 'SIU 
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N«nii-'=rtt:»it5in 


(Molecule) I '«*l -e ^ ftwpr 

«ftw I isicw »l>rtc<? fjw '91 '»n,9tc51 

c»rW^ "sitL ^ '®wa 9^ iflsF jot i 9r»ra 91^ f5% 
f93 1 vcm "aiips SfCSRf «1<, f5% 9«lp5 f6% «R 

951 '5]t»rS5[ 'Stiji C5W9 fiys?! 95PW *tl595=l1 ’ 
I *rft *1115(11, (Atom ) I *R|3rf^ 4’rt 

*Trra 5(11 »[t5rtn'i^ 
f%5|i6 5(1 *R|5(t1 

3^^ >a^fe ^IK 
^f^Ki «rfc^ ( lysKt? 915(1(1 
91C9 *nft< 5rtcgK 
9<»( iftsi 9^® 

ntl^ I 01^ 13®51 911919 
C5IC1 OTH 1C11K ^«t1, ife- 
11% 91^ft9C1111>tC5'S 1(1(1 
IPS 11 I ®%1( C1( 99 ^ 

9tf^1a1 ItCiF fe^tPS 99 99 9t91( 9lfl95m 9tC5 I 

9t9t®5®p$ ’Wt'^srtaf ficat afSurl sjci 9<t't feata 
<£(f« 911^ C5(5( 91a 91Cla 9C9 913 9ta 9l1%31 9tC5 I 
<2|f ®9C9 '5l!?t !!■+■ 5(3 1 91331 Clff5|3lft, 99131 

9‘1J( 999113 96® I Ul^ 9H«!9 f99 »tl(’93 9193 9t91 
feflpra iK^caa 5ic9i 9f® ^ 9199 I 9 9tP5, <Sf ajaaicsia 
919 '9111^ 919919 ( 9111^ 919919 <9® 93, C9 9391 991 
913 911 f99 9l9f^ 91991199 "WM 91831 909 931 




ai>r i arc^u 

■53r <ipff5 csE»it ?tf^i %»i, «f»( Jrt^ *tf^i 5int I 

^ fiT^ 

BFc^T ^17, fm ?ri>r ^ ’fc^ ^n i 

^t?i ^*1 ^*rf?(SF 

srrf^ I '®’^ WC5T C5f^^t3it3r 'srr^rft^ 

isR? ^«rf^ 

<?ttu?F* fe^TCTtn ^ 

^ ?rr^ ^trs ^ ^n I fr!5 C5^ w's^i 

^itsr ^^t5i ^f%?il ^?i?^ ^itrir ^ri, 

^tu ^ I 

<2W '5i‘5lvaf% f%^5tc^ «rfc^ i ^r^rs, 

% ^1 ^ I ^t«ff^^ ^ 

w 5f^ral c^‘5-m I f¥% 
(Sfcsj-^fe -3sr^ (Sic^T^fe ^t?:^ 

^1 ^sit^nil ^Wtr,^ fesife 

^1 f^&^—(^) ^«trw 

Tfarl, (^) 'sr^ifTl ^«ff^ 'srM*! 

(«) ^rtarl i 

’Wc^ir srt?im 

Tfe fe5?r ^ c^Pr, ’®rr«ffipF 

-stRs^rtaii '«rr*lf^ ^Tt^re ’H 

«Rt& ^rfirai ®iiPF, ^srti ^ tot i 

■^V ^*rf^ ^iwf«t ^ ^*rf^ 





lb 

^f%?fari c#r ^s^rr^r 

^ c^ ^fSsT W^ cwi, ^ ^ ^rrffi^r 

WS ^?rl ?lt’«t1 TT^ ?ltf^ eRT ’tt^ 

istnrt^sr 5^111 <itOTi ^c^T's ^«rlir ^’Rl 

?r^ ^ ^ «fiwt?ii ^jt%* 

'5rr«ff^ ^^*1 'snsj?!, ^ 'Q ^feqtan 

«t1i^ t? I t? Ttft^'StC^ 

c^t9 v£R? 5^ffcF wit^i ^ r -^t< ?itRir5 5^^ 

c’^t^ii ^ 5ri, ^=rr^ ^um ^ i 
^-i{ ’iwtr^ ^<1 istcnt’f 

^tf^^rTiai '« TO«rR «J5 '«rr*rft^ '5it^*i 

sn, ^rr^ "ror i 

c®^ ®?i^ ®t^ ^*tf^ 

'5rf«rf^ ^f®^rw?r f^r-f^ Mrfc^ 

wl ^fwi <?rr:^ I 

®t?:^ ’ffi^i w^T ^f^«r® 

^f%i® I ^^1, cm^i, (?rRl, l^sT 

iSTf f% ^5(c;{^ ^ 51^1 ^5f ^ I ?#T 

^ ^ffel ‘5}Tt% "SI^TI ®rf® 

^5fI «raiw cm 

^•\ 

>0 ^f®art3rf?i ^ ®t^ cs^fk 

't^\ ^ ^1 ^Tl 

®?R w< '8RTi ®rt® ^%i <rrc¥ i ^ cpw cff^ 

^9 3Ti I ®1R ^Tt9 ^ w I 





’iWra*! ^*1 

(General Properties of matter) 

( Mass ), ( Weight ), (<)) ( Extensibility ), 

(8) ( Porosity ) (e) ( Elasticity ) I 

i#3rr*i I <iwtr<^ W5i 

TOT I '©©R f% ? 

%% 'SRTt^ T[piT irffitc^ ^rtfer® 

^t?ii cwM^, ^ cijROTd 'srfe^ ^Pral 

^ ^n I 1%^ »(piT ?rrf^l ^t%i %9T fe3rt?ii ^rlfeTs 
I «i%i ^iit?i 'srt^nil 

fen?r c^t^r, wt^itsT ^fPrai 

I lilt ? 

'5r^i!r3tr*r 

I OT, 5r»Fai, niPl^r 'tws, ^tt5, c^tsilw^ 
«ir55T^ etT'^^fer^ ^ i ^ 
»rf%5 «2r3j^ "^Ril ^ 5ri, (21^ «rpRji 

I 'Q 31TO TSir^ v£|^ ^stM*! 

<2t^ I Tl sp^t^ (Gravitation) ^ 

nfl I ^(sufm ^ ’artf^r?^ 

a liff^OTr '©^ cqt% ^ct?[ ^ cqpr i 

’jRrftir W5 ’iw fwfirr^ '©^ '©•i 





I cinm cflrt?i ^?rt 

'srl^ T^ I 'STM 

^ ai^ ^^*1 I c^v^ 

^ I ^wt«f© C^ 

'«rt^ 5?^ 

'QWSf I c?|^ 

’jf^fNi ^ 'srr^t^ 

pm 

c^ cwtr?! 

c#f 

I ^sip?r c^ ^3^1 w^r, era ^srtiPF 

^ p ^t^tm I mar ’iwt^ sT'sm 

(PT^TfirsT C^'« I <ffft#?I '<Q^ 

ai?F I ^^£1^ c?^ c^9f '•wu 

^t^nrra ^pn '^^^ f%s[ i 

31^ ^ ^ *«rrf%r!5 ^tre^ i?i i i£i^ 

I 

^*rfc«f '5rf% ^ >8 ^pr i artfcs 

^ <tf%cflTi fed ’Tflij «r^ '^jfl^-j 9pj[ I ifj^^ ^FtrSi^ 

fer 1%^ ipsT 5?Hf?f ^Bit^ 






'Slew «rrc^ ^t?!i 

^tf% C*lt^«l TOl I 'ait«rf^ «?5Tr Wf 

^-c^Pr ’Tffesf I f^f®^ 

^t?r% f¥^i ftft?ri <w*f ^?i9T 

Ilf^Tf’lWl WT’^SI ^ I ^ ’twtr^ 

^ I isi?Ff& Fffif ^ ?prr?ic^ 
■fetpCT fe^Cl.bfC^T ^; ^tfen ’«rr^ 5tfil 

tn^ I &tf^ c^rtwi 

^t=Tt?r off'Q^itsrrar ®r[^ ^c?r i c^t^f 
TiT I 5t^ 

'srr^ ^srfTOR f¥^ ^ i c?’^n ^ 

*1% <£tat’i br$j ^ 

’=5rt^^ ^5rr?ii "srf^t^r 

^[ct?f Tl ^srt^ 5rr« I ^sk ^ ^ 

I H% C^1% “^f^^*! 

"srtPT sn I Prfti ^srf?:^ i 

firttutsil 

(^) ^*1 f% ? 

(^) 'sR^r f% ? ^«ffw ^j^<ftc5i?r 

<2t3rr«i ? 

(«) WH 'Q «2tDS? • 

* (8) W5’?1^1^1 TWC?F ^ f fe*rfw ^ I 



fillip «pf 

(Air and its Physical Properties) 

w nff^fNr I ^’jrk < 2 ft?r 

^ t£i?[? ajfcaj ^?pf^ 

5[?[T>?rsr i 

Tr^cFir^ cm "TT? f¥« c^tfe ^ ^w?[ 

"511%^ «?PTt^?n m\ ^ ^rrc^^r ^ 

'srrc^rM ^ j ^ift, ^?r ug 5 ^ 31 ^ 

<2r^[m5iI *rnj ^^t?r ^armtor?!^ 

Tl ^ 5rl1^c^ stf^ 

wl ^ I '«[T^t!55llr® c^ ^ <traf ^ 

sirs? ?[?! I "Tffei 

"^rrc^, fe^i ^5{ m 's^sT 3rr^ 1 ^tcw?! 

'®rrcf, 3Tr3r.5l ^c^, Trf% ^ ^ «frPr 1 

airst ^?r( ^ I 

^5 tTcw?! f^TORi *3^Tt5r®f^ 

^ (?it^ ^ ^ ®5 ^rfwi ^c^r ^Trc^n ^ 1 '5p[^ 

c*f^ ^ c^tOT Tl ^ ^5TO[ 'BTj^arstc^ cq ^ 

^%i ^ ^l^cvftcsi I 





^ Tt? srt^ I CTR ««R JTtt I 5»»I« 

ft5?i'rt(sr wtJff «w m, 

kwtm srfc^ TfC5 ntCT I ^ ^ *i>ft< I 
W fkl (JNI ^ t nsw, ^^Tl, 

S[f»I^*t1 ^C*PF ^tfjl '^»e«r5l 5ll C«ra I 

<2r?f® 1? ^ ^ W5i '^tkni 

^ cwt »RCTr55i^, cB^Pt «t»rfii*t%T I 6t*t 
9ik^ 'srrt'spsRT CT ^ <sWit*l, 5t»f istorff TO 
'TOBCTst TO'2ttf%? TO ’RCTOH I ftftS 'SC'Rt TO 

TO <tpf% TOL CW TOTO TO1 TO, CbTO ^ TO 

*tfiprt*i i2t^ ^ >srTO; TOai? 3rc«n ^1^ TOt 
»1TO I iS’ffB JftTO*! »tflTO 'sTOrroi TOI I 
>a^ 'itt^t ’T®!^ 5«t fe*li5 ’Pfel «fCTO 5tC<(T 
fkl PtfTOl TOl®r TO®? 4^61 5t*t TOf? TO I TOt^ 
^*t? ^^froi 5ik®r TO, ^to? fk^ 

TOfei TOi? ^TOTO '»itPrai fro ^®T I issM ?? CTO ? 
WCTO f^TO TO^fe TO1 TOTO ^TOI ?C»ir <TO^ 

TOsrt*! TOs'®rt^’F *ir? 1 TOTO TO^fe FtfTOl sstr® f^TOi 

'siTO TO. TOi? TO^ TO <OT? TOi^ 5n:«(i 

«l®r TOTO TO? I ^ ?1?:. TO^ '®»!CfC*t 

Bft CTO, f«t?1 TO^ TO’t I fro ’fSpft? fewt? 5t«f 
^froi ®r9?w® fe?i TOtft^ ^?i *|TOto to® ?to i to 
?it?elTO^ TO ?f9l?1 toiTO bTO? ?1TO CTO, TOn 
TOrfriS §*tc?? fk?' >«?*| ®ifF^ ^ I 
' TO >«?( TOt% TOft^ka^ i%i%Tt*W I ^TO? TOI% ’tflTO 





^ ^ <2t3rf«l ^ I ^ 

^f5c.«i^ or<l ^ (71 TOTt^sr- 

<2t^«r%9r5l ?[%n:^ i ^ 

f^f%Tt*1^ ^?n c&f^wr <2tff%?( 'art^ iii^ ^3tc^ 

I »r® V8 ^arpTtTOQ ’^rwn TtfMr^ 

“W, "srwc^f^r 'srtpi i ^?il '^Pf, 
^ '®t%, 'srt^'Q w »rc^ ^ I (?r«ftR 

^^WPJ, Cf\^ 3[^ ^ I 

bl^pRr^l ft1%Tf^ »t^ ^ 

Tii5 '6«R I 'sf^’tf^t*! ^ m ^^1 cq fe?rt?r 
'6«R q^®t^ "sn:^^ ^^5 c^PH '^w^r 

C^ltW ^ FC®T ^1 I vf|^ ^ 

'SOT ^rfar 1%v7 c^t^ri i ^tni[ fqH ft^ ^ 591 ? 

pf»f ^ <sf^ iira><q (srt^ Erti% ^i«i ^ <*ltf%r5 

^1tC?l I (71 'Q^R ^5|t^, -ilfhn <2t3lt*) I 

^ ^ (T^qR ^ 5f^ vfi^ ^lr5?r c^tt^ ^ I 

5ff^tOT ^ I 

^ti!n ^ ^ ^fwi ^ ^wi>0 v*i| TtiapT c^rt^^r '^w^r 
^ I ^spnrt^ (7f6^ ^ 

«j[fel ft's I (Tff^, ^qtfteRT TTg^ c^tt«!rq^ ^kj «rc^ 

^pfirr®c5> "“It?! cq ’ii^itftiT (Ttt^ 

fe^rl ^Rsfw ^stHRi %5?r top ^rtRulz:^, ^«fr<?. c^ti^n^Rr 

^tf^’PinTO I ^itat? 



'8«Pf 'SIR ^tlC5i!I CTT®ICT?r 

'8«it;ra C5CT c#t I c’tl^rc^ f*w 'ssr -, -sRiiR 
^'s^R? afWw CT *tft»tt«i ^ atcR^fimtc? 





I <il^ *^1^ ^-T ^ 

VQ ’ffWfTQ ?r?it^ ^t% I 

.f^c*K '^*11 ’STt^nri 

'SRt^tc’r ^<n %i f%?f*i <rtf%, ^t<ri 

■•Tl I 


(Atmosphere and its Pressure) 

c^ «rOT1 ^ 

^tnjTQST I ^it^jrsc^ra "srf^t^ ^ 'srfc^ i «ir5j^ 
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TORI ^ ^TORI ’TOtsR TOI^I ’Tt?:, 

’'iC'WsTfti JRiat ^lujrstsRi ^ ^ ^rtil ^ 

’iPnrl ^ ^ ’jf^ftw ^itc^!! '=rtc51 ’rW^ wt 'srttf 
«p<j ^fi^iTRt fe*Rt m cTs I »t?W TRri (?r«ti 
«if% «i'Ri’irt fe»Rt Bt»t ettt (?ni I 

^ fe*Rl^, PiiiRt,^' »tft< '8t<t^ »RFst m 
OTI 5ln »Rlt5I #ra1 "TtlJWCSRI Bt*t ^fci 

*rRt =111 ^iran »r^5i fe*Ri =Tt5, 

i2trt ^ ’t'l 'erora fsrasft aicTt’t -, ^rw? 

^srra 1S=F =1=11=1 ’flTORi OTI >si? ^ m *ri"»ri 

=1511=1 *9 ^ifirai c^ 5t*t "si?^ ^ =n I <?i 
c?i=i ntoi =ii «tc=ficiii ^ =rf^ ^(tori ^ =Rc^’t 
«ITf^CT^ m =1=11=1 1 'Slt^ ^TORt 

5ic*t c?i=i *iir>s ’ifipti*! ^ *11131 ^ '®im ^iRri 

=11=11 ^1=1 «wic?i * 1131 ^ ’rti?! < 9 ^ ’tfasrri ^=rtc=ii ^wcjti 

C=tt®t ^?Rl 51*1 ^-SCSRI ^51=115 ^ ^ C#r I ifl’Fte 
c<il«il c?t6 c^lTORi 5n:«iT ^ ^ '-iHi, Hirp f¥? •■ r t foiR i 
’I1?;CT5H JR (alTORI ^ 51*1 m, f^TORI "SIS! 

=I=rt=l =Il5l5 =R C^ITORI f%'51RPft (TTS^tW 

5T*r 2iinit?r toi i CTt^»if5 '5=t=r8 f^awin 

^1?ll 5l*t ^Utori ^rtllT 5TC»Rt =1=11=1 «I11%51 =11=11 Tlisit 

^IfTORI =H9? 5lc»l c^^ssi ^ =111 =r^aj 

=1=11*1 51*1 'srWtlRt ^mi ^=lTt=II f«ff=!CTt ^*RI 
*ttlB ^HJI'SOTI 51*1 'SR?^ =|Rll ^ =rl J C=Fl=l f«f^C»RI 
^»RI ^ 5n:*Ri afst^ CIKI =I1? =I1 !■ 





'it 


«w‘'-c?rt*TO ’ift'Pi 

( Magdeburg’s Hemisphere Experiment) 

^'sts-c’ltsi^’ttat K?ii 

«r«K’fPw *ii3t ^ (?rRTC^ 

'=rW^ ®rt'3 TOT <1R? ^ 511 I 

u9^ 'SffCTtsi’F »ttraRr *ct ts?, wl »rWi ’'rtt?; 'st^rsfeit 

JldT 5fi?l STflPl I CT Slfra W 

^?tir ^tcsrl ■fl’R C«lt®11 I Jl^tT %1 'sw-C^TM’F 



•>tfa SlfiRlI 

»ttcir I ’tfh'tn istiR 'STff-c^im «itaf ^ 9j'>t 

^ cm 5(t5 511511511 feiCT ^?t5i ’3*1^ 

^ TO I f%« f^srSK 5I5Rt ^TOTOTO 

»ii?im ^1% ^51 c^^si Jit^im cTOirsjt 5re 5ff^ 

1%^ TtIJl C?l51 5t»t ItlC^ 511 I 5rtfttiiii 5lC®t 

?7®ii:5i 5RTO 'It® I >^1 «r 

snu^e f?5F sFl^rs 

*tlC?l5|1 I 

*i?Wi5 TP *uim I Tp^ffTOc^Rt jrfro <2m»r'Bt 
5|jT’tC®Tlf, «frtt5t »I3tC&T 5!^ I 'SIC^ 'S5^ 





trr?rl cm^^ ^Har ^t^api 

^ I w ^51 ^trsTtntsT »i?9itr ^ 

^ ^n, 15^ wt^ ^«r ^rfiife 

^F%| cJf'STii 1^, <sr^ fet^r 



<2t^^ nrf^ 5rl I fs^ 

<2fC^ T?lt?T 'SRpl «il^f5 "srrf^^rl 'SRWCJI 

ft5T I spgf^, TJF 

c^^*f i 


^T5^ (Downward pressure) 

^ ^t^^Tar c?rc^^ 

^ I c?ife ^ <trcai^ *(fii^c»r w i 

’itcar^ -fe^ic^ c^Tjjf ^ 

OT c^*r I 

f^^swr^ ^ «tTf^ OTf^TO 

fwc^ ^rrPir® ^iTfirr® c»i^t?r ^-tft^ 
c^ I ^ ^ ^ 

^wm % >0 Vr^ 

fl^ I ^t^ntiafe ’JT^CpT TOf ^ 1^^5Wr?l 


♦tfiR'M SFCar I 

<2^®! ^?it^ 

IIJ U 1 


^T9?r 3Rt?r vtfiJii c’m 

aFu^i 5rrPi?rl c»tOT «2l5it?fc«m 

3Tt^9ir^cvi ^n ntfii^fi ¥rt5^ I 

(Upward pressure) 

?rr^ ^fii?i1 ^ 

'il’R 5tPW STT’rf^^l Tift'S f%T5r?f Vila'S T2IC=^*f 
5rl TO[ I vii^^ ^t^r 

^rtc^ ?tPw Tt^i an:^?i 
w?f*r ?rprf5 'sitr^ ^<jj5 

T5511 ?5^ ^tsi 

^^rtrsf »rs i c?^, w^r 
^'S atcar^r «f»T ^ 

srf >8 ati^ra Hpi 

^t»p^ «fOTir f^TOT ^■ft^’rr^ mfiratr^ i ^ 










'ffli’f I ’HI 'BPinni atpm ’icu ^iir? 
■SI, «I»I I SRTO 1^*t ( *IH 

«t*ra fkT tfCK ’flu fe«H'm I «TC»ra 
I^TCtCU ^spTt? ^ fe<RBt»t «ICSW Cfl^ ^ few BtCfl 
U’t ®ttfflfl ?lft»t I flfKtJt <SWPf TtW 6tf*Rrt 
TO 4’?! ’Ttia atTO acw «CWf TO fe 'SITOI 
Ttroffi fe*t« frotfl ft's,' TO fjfflstfl ?E^'5 ^ftm 

TO? few'TOTO »PIH ^ ^ 5tfl ’WTO^ftt’Ftfe^ftvs I 

TOi to™ frotcfl ’FW’itft '«rtTOl '»it*tft «lft?l flffe® I 

?tl^5H 

51^ snro? TO TO? ^ftfl TOL ^ H, TO 

fe^ ’i^ftr’r TO*i flfilTO ^r^ral fed 'e c^ft®! h i TO: 

sTSOTS 5t*f cTO ft? aWc« feTO etu* 
jimtcH (71^ ftTOi 'SR't ^ #rai feft's I aiTO fni toi 
ftc^ ’ITO 'StH fed I ’ftw^ ’(ftic^ H TOf ft’F 

'flu ’TO Btfl AC'S ^ftral fe?l cTO fftral fed i 

?tisr®OT?( 5t*t« smsrtsi ^ 

(Atmospheric pressure and Barometer) 

« 

’jftft? ftlfeJT TO’! TOjTOrs TOTS ftlfeir l CTO TOTO 
TO?r9TO5tfl ftiTO TO feTOTOWiTO fecW^CT 
TO? TOts brcTO feTO I iro Hftt 5t*w (TO ?i?Ti 
TO^ I >s^» ’lU'sd? fsTTife <a^ TOTO *tfiTO ’H. fllTOfe? 





^t?jr9c*ra 51*1 C5C5 '“tcsw ^ I ^turac»ra 5t*i 
»»5a CT ^ ^ ^ ^5 5trt 5t*wst ^iJt 

^itcar m ntfwi fejrr^ 

^5Tfe»r w’^n f^m ^ 

Ttijr s\^ ’Rtsj <1^5 ^fanri >e ^tfer ^ 

I w fwi 1^ s^c^ir ^rrf^fel 

^itcara «p9T «lr^ 

5(51 <TfOT( wc5i^ <ii^ ^rsr^csT ’srt^ 5(11 

5^^ ,£|^^if 

^%l ^ I 

5ir5i ^ 5(1 ^rt^tK ^ c^ 

srj • ^ti[5 7^^ 

vttftsirl ^ I ^ <21^ 

siz^ mcara 5TC9ra f%^a 
'siTPir® ^ I ^ fK 
5(5T 9r^ ^tiapi ’ffiCT, 

^rrftCTi 5n:9ni ^cKi 

«f9i «2rt^ 08 ^ Sgc^ fete® I 'BT^'n ^iwa fe<i^ ^ 
^rsc^nr ct m ^ fe^ os ffe w»fsc^ ^ ^ 

^<1 «(OTi fW "Stir 

« 

5tn ’^fst ^rsc?, '5ifi orRrai tipw Tr?’r8i»ra stn 







A® 

^ttc^ I Rot 

^ ®tW=T TORI fMT*i «r«ft^ ^ ^ I 


^ (Simple Barometer) 


5WI ^tF^ ( o fw ) <1tTO ’Ifil’iff 
I ^ TO C^ I^^IRI <fftfwl 


=11 ^111 vfi^ ’1t?l?^< ^ ^ ^105 ^ C^t^ 

fw^rl C^*f C«TO Ftpw <I?I v«|^? ^ijjs ^f?RI1 



^'9 I ^’RI ^ ^tCJ5^ 

TOtr^ ^ncJRi 

IHt*^ twi 'srt^tt?!! Vft'QI c?^, 
<1t^w =H srrRui "sriftsT 
31C5RI ir:^ ©g 'sr^ 

«rr?t^tt5i c?»i 

fwl ^rrPti:®! c?Rn, ^ii^ ^tra^ 

©55^1 <2rt^ ^ I 'BRSvsi^ m, 

^■R^OTi FW «2rt^ o- ^fi» ©5 
^?ii?OT c^ ^rrt3^ ^FiiTO sir^j 
^ta ^itgji'QOTi Ft<i 
^•Rf ^RTff^^ 'QBfsi ^-Rl ^tF- 


5i»ifei ’jp^Ri ill c^if, Ftr^ ©irRi 

«IC^ «• ^ I Ft^ 





^ ^tfcanr «rc^*t 

OT, '®rw^ ^Pct *tm 

srrft^rl ^?ii ^ br^ c?f^ i 

^tz^k bits ThTtt "“Tt^ ^itijroc^Rr st^ ’rt^«r'5 

<£r5^ I in^ a 4ii>H'<«ift^ ^ 

^ iTtrsf ^f^lro I c^ 

c?<l ^srt^ I ^ Tt^rfeiTF 

feRc*iPi^l (Torricellian Vacuum) ^^rj ^ | 

^ 4\Z^ C^C^ ^ ^SRT^lTlI ^ I 

^*WPr ftigl fwc^ ^srfg ^ i 

^tl^'QOTr m (?Ft5i ’PTfit 5t^ 

^1, <> <2tf% c^ I 

5iC5r?[ csrai^^i ^ '?)• 

o« ^5^ iRi) >0. i?i^fip ^t^'Q 

«rhr ‘ij (THii ^ifi^, <2rf^ 

s ^ CT?f >8wr5iif ^Rt^i 5t<i firsi i ^ifi^ 

v£i^ ^^rt‘ffe 1 ^ 

®gr® vt^?n 3rt^5l ^ttr^ i ^srRtc^ 

*[ftor c^jar^ ?tc^ ^••* 'Oift^rc*Ri (Rpt 

Tfi^^JTlTOr fe’R I ^ 'srsT®^ 

5(11 «rrfeft^ I 

5tc^ »iwnj ^sk:5t^ ^t«r 'simi «ttft i 
c’lOTT ^?tPr c^w^ 5CT ^ftPr 
c^, »rt^-5iOTi »rWRT ^aai^r w<<c^ nt a t^f» 5 
*itw?r ^ csM «2rff% 



ftatsi-''TtC9rt5=!l 


«Rj I 51, flfsi «rff^ 'msnri «n?w va 

*11*1 *Fft—=«ii3i 6t»t a ir *ijt»iiCT '■twot ^ tri ^iCTu 

sipi^ '«itc»r sn I ’Ttiiji«csra 6tc*Ri fe*nt fsrSn 'nwc'Ri 

^ ’T? sicsRi ’rreic’u ^ wsr ®^5i 'stt«5t 

»!*t< ^1 ^Tt^prfr ca^ ^ ^cswcat’tr 

* 

aai—atijwi^ia 5ir*ia >rWai *tt^5lt ^ f3i*5i%i sew 

caei’itf^, OTitfl^rtf^, Ji*i?itf% ^ t (i<t,4 01^ ca^ 

atal^ atsil^ ciraal wi i 

5t*W5i *15 ftai atiu 5t*t casR «fl*n ata, '=rt*ret«ata 
^71^ cawi *051 5W ati? 5t*t aipt, ^ 5t*t- 

srtl TO -^IbHCeH *ltiHf« 50%! «0ini 5tC*l5 ?f% ^Sler 
'*055^8515 ^ *TO I 

5t*PrPl TO *055 5H?tt55 1?{5«n 'TO’F I «f®I 515^15 
*Fto>s8 fcfeiWW 505*t»r 55505, *055 515515 5%915laf 
«*Ft6siei 5^C®lt ECO 1 50C65 551 fial *055 55W^ C551 
5151 *51515 *swt® W *t5ft<5 5W ^515’WW C5t5 5t5l5f55' 
51 isil5>f%5 *tfi555'e acfe 51 I 

«W5t»ri 

{'•) 5I151515155 f¥ fW t am? "WR *5lt5 *ttN 5151 ^508 I 
(5) 5I10j«5lf *55bllTO5 *1?N 5^ Wa I 
(-») 5l1i:.t5l%a Sl*l C55 iSl5l5 5RII sr*tJ05 55 « ^15 
515515 <St«r1^ 5^ 551 511IJI St*1 ^ 5filt»I f¥ ^505 ? 
(8) 51*1515 TO *055 515!?^ ^ <W5 1 



<Pf ( Physical properties) 

* 

ersf ^?[9T ^ >8 ?rW5^ I ^^*n5 

^ Tr<rl OT =n I 'q 

^<iT fwi ^ ^ I 

^ ^r® I 4^2r ^srf^nrl l^ri^ 

^<ri ^ ^n I tii^te fkuH^ ^ ti?i 

%f?c^ 5C?T I c^'?tf?r'Q 

^ 'srt^ #tg ^rfesc^ i 

^ '«rr!T v£i^ <r^ 

’isr®9r « (Horizontal) <«rtC^ I fTtPl?! 

c^^rtwTif ^ ^rr^rt^*! ^ 

^c^?( 'Q '^>isit«^r«i I at»r tt® ^irr 

^'1^ 'CfC^IiT »pr®»r 'S '5’PIt^Rts!^ I 

^FOTi 'srt^ ^ TT^ ^^r®uf I 


pj; 






■ 

• s 

w 



perr- 

P 

ill 


mfwi ss^ ntOT «ji7 »i*rac9i 

fkar ^ V *{taife, V*mjrift?r »n:w 

« 

I c*?5^ ^ wr*! 5iRn ^ I ow 




^8 


fiwtst-nrc®rt55ii 


c’fp’F*! wwartar c?«(l «Pt ^ ’ita »i?CTt*t-’?c»ra 
w 1wl C51^ *I1CT ’rfe^ '‘PR 1%!^ *10^ ^ ’Ittara 
«rc»ra %*#st’t ^TtPi5i i si»i ^ ^ 

^rarstc^ >R^ f^l^sr •ttew <?Ft5t 'fl’Fftr® «f8t i>iPii»i isirsHS 
»ttant 8f!:»ra fe’tfiwt 'S’f *R«c9t <ttPR^ i ^5?|8 i 
i<i^»f «ttw I 

Wif ^ ’RRiTrt (Water Supply) 

fe’tnrfs' 8fcsR: ^Hfte «(c<5 ^*Rt »ro3t •strsj’F 

’Tt^C'S «f9T »IWtWI ^Tl I ^ 





jpstj (?Ft^ <8^ WfS’tt? t? Sjr® iwfe »ti<> ^ fert» 
^ntPii ^ I feiftfs fe*Rif?CT CTifei *i»i MW? ^lt5?r-Rt5F 




^ I w fw?l ^fPrWr^iT 

fejtVfe ^ ^ I ^?rW^ CTtfel' 5Ff(^ 

^ 51^ ^ CTT’f I %?[tOT 

%t^ «f8T 5Ttft?ri p[|%jf 

^ %i ^fci ^ I 

«fOTr ^am^sT 5t<t f??ii ^C5?i ^ 511 3 ^ 1 

^ ^ ^ I ifl^fe ^FTCSTT ircaf ^%| 

^ 3rtc^ 5tPrai ^ m I ^ 3 ^^ %i 
t5 ^^59rf& ciPics w, M35 c^? «n:5tc^ 

cifinil ps^Ri <2fc^»f 5 ^ 1 1 

^®«T =^f%?1 ^5lpf?l1 'ai^^ 

i£i^|6 5n I 

^PT3 ( Pressure of water ) 

WS fe?Pr^, % >8 ^N5f3F5f 6t^ I 

'ait^til el^ 3^ I 

snrsT^ CT feirrc^ Pist^ c^ m 

^Thfferr^t^i ^t^'nr, src^T 

«ffW5 ^fwl «rr5» 3 ^ 1 '8f5Ttt< 

'6^5?^c’^Prc^*f3RI 5|ft^ 

«r%i ^3fh?F ^ ^srr^ ^Tfear c?^ ^ 

^ Ttwi ^ ^ffet ^«ri I 

ifl<rc5( mjm fe:^ dPral ot, ^ 

W ^1 I 







( Downward pressure ) 

3rlr»T »feil irff^ 

m's «rc9Ri 'e^SFOTf w 
ftirst^f 9itr*ri aFc»r 

irfc^ 3ra c^Pf ^T’f 

^1 vfl c^ c^ 

^<?ii I aim^ prswt^ ^s’lr'frH 
(^st^ ? ?rtpm 

^9tTO»f »i^«st Pra^H n&sit«i 

^c?f 3rl, ^ c^ai^ ’sfcsi^ 

pT^^r ^%i I 



?rt>f >8 TO 
fiiaatn 



ar If ^ ^ 19 

*iTm ^tirc»r »Rt*i 5tn *!%<5ti 


ftrar f^sift ’ftrani cvap^ 
mm W^ri *ftar«Pra ft{%3r 

’^Pral 9C9ra ^fiRT-re i fWhr ntrai ^cr? <?fpr, 
mrai mi wtcif tttm ^rrPtc^ fW>? 

^feij (Rpf m fro ^1 PfWsRRi Rpi ♦tfhFi ft?ii 












5t<t *lf?TO5 I 

*rrOT ^8!c?ci?i ^wf5T w^r 
'6«r5(^ %5tc^?f ^nr i ai^iR ^ffiiara w^r 

^\n fwc^ 5ji I sBit^ ^uror ’5[^*«rrfs( ^ era 

^ %Fr<t fror^ I . frar to «W 3 r 
*W^, ’(Tcani TOir ‘tots' opr TOira 
'sipTO^ ^ I ^TOni TO^T 

'8W!T« Tot, wraf ra <!tTc^ i 

p- 

!^i?iiT*rN^ ( Lateral pressure ) 

ftcar m($ ^ m \ ^ oi^pTOf 

1 f|;?'®|9r flf^ %1 ^?l 



ftor fwi t? c«Tt^ «w 


'Bfw ^ R>*<(5 »£ie?T »iir^ 

?r« I cf^, ^Km 

vwt ftar fim «T»T sitPm i ^rnre to wa. 



H®lH[-^ICo11&*(i 


’Ttcara ^|cs^t< f|!ff flf^ ^}®rel %»! vsf ire cwini 
fl^ fN ^ '9 ’re?c?f »Rre. ^’tciRi' n ’rtciRi fl® %i 
«f»t'sre itftK ?5 sfl n ' 5'5 ?jir 9 it 5 sri I fe»tciRi fe? 

^9f era 5R ciw itfci ^ I ’Ftc«f^ «rw esm, 

’ii%n:*fii stiaite «rc®ra ’t^?refli ’iot in'? ira i 
i^Pw fff^ m iftm, ftwi Fft im jjTw «re 

dPrai itfti ^'s »tra ifi I 



( Upward pressure ) 

w 

^ dfwl m, ^?n 

'stwot bRf%5( ^BTsi I wm fe«Rf%t^ 
^ ^ ^Pni1 ^ I 

^ c^P{ nt(:i3r?r c^ 

f^i[Fr<^ 's 

^PTl^ I 4 ^51 ^fN 'srtrw i 

^ ^ c^ Ttrs? C5t« ( 
ftir) m ^ c^ w ^Ftoi 

^rra v£i^^ fern n^5?n 

(^) ^51^ ^ t 

^ I csir®^ ijf ?hri 



cstos? ^ 

wtew 


Tstft c^m %i 6 tf=nn <r c^ c 5 ir«ii 
•?lri&Tt^ ?w ^?5Ttr <*rir^ i. ^ ^sHTt^ C5t«fe 





sicu ^*w ^ i >w itn ctf^ 

OT'6’9tr®« to I CBitSHI 1%'5!l <»®i 

• 

I ^ "ttcai^ wm fe«RVr<i^ 

CMC®?! ^fB?n MRMCI 1 CMC®?! 

f%15?I '8r5T Mfes I C«r^, CMC®?! f^TO! 'Q Mftc?! W 
<EfOT! CMC®?! ^ 

^1 ’Ms*! ^C«!^ ff%C^ I ^ ^C5^ 

^ ^i^rR 's #nil vflc^ 

^tfet?Ftfe TO, M^fe^ f^CW?! ^olc?! ftc«? I 


?ttt^ ^ 

( Buoyancy and Archimedes Principle ) 

^CP ^1C»1 ^ttfTOT C’^ 

^811% >|^CW ®!C5!?! *l^T fWl M^?l1 ®1^C^ “*111^ I 
fefel M^i! ^f^c^ ^ ’^Rt^c?! »!t?rl ^te«1 

^ 1%^ ^ C5!tC^ ^!C^ ^6^! ^1 ’^^tM?! I 

^ -^frM 5f^c^ ^ cM<! 5?r j 

^tfC®!?! Jlt^tC^IT ®!C®I?! f^C?! ^TpSl MM ^ I 

^ ^t?! cn, ^W3! ^C^! ^M^C^ ^1 ^^5!^ ^^1 

^t?! I f% ?Fl?IC*l CM?! ^i, ^tCM ^TtCM®^1 

<lfiM?I CMM I 

C^tMTl ^ CWfMltgr, M C’fR ^?I®! ^1ftC<^ f®’®?Pft?! 

C^ WRM? ^M?! ^M?! ’I^Wt?! ^C?[, 'fl^N 





few', wn:=^ «t^ ^ "ttwi 

•w uwfs ^ IwPn iftius cpfei ^ I 

#twi fttar »pt5^5W*i wm I 

5^fW flrc®ra swsti:^ fe^? fe»R i “»f' 

*m?m fe»R «fc®ra m, V fe*B( «ftsra Ktir^fs ^pn^i i 

=#rai Tt&wfe ^1 ‘V' 

« “®” *ttc«t?t feiK m »PTr5( <0 f^*ift'5^5t 
fe^Ws ’Fitwfe ^ I ’fti^^’sttfjf c^ »iic*Rr 

’irt 5ti I <ippt ^(%i <rt^»iw9 fe’WfR “fe" 
's?™ fe»i?t wc»m fiiin?T»t, "srl? ftcsrRt “ft” 'sc^ra fe^Rr «f!OT 
fespr'^»t I <rt^«trs?i “fe”-?f ’i'^^ “ft’-ii era ^ i 

Ttc^ «rOT[ fe^st trr»t flftsra ftfstc’i^t era e^fti ^ft«- 
5ie*Ri laFiri« fe«H'5tc»Ri ftrtrt feras ’Ftfewfe? *Rr9 ^e^ra 

?itft^&l fe<B sft 'ittft^l I we®Rf few%te»ra 

» 

^t% ^ I ^mn 

ftifstc^l^ ^PTr^fi 'srW ^ Vi 

'srw^ 

^ 

5Tc<l^^*’«(' I 
*«(' ^ fro "srt^Rn ’it^ 

'Q’br i t(V fe«i^%tc*l^ 

f% ? ^ (V^ ^ 

1^ ^ 'o^rai 






'©> 

fitftllBi'? iS»tc?t 'sW^ Ttfiirs 
cbIi <a^ ^rfr aif^li wt 

trtf^ « fe<w'5t*t «ilc51 

C^ »mt<f ifW ^^d?CSI 'OTH TOT, «w 

'5W8 ’Fai >m I <4^ «rtfjrat5, crPt Wjr 
fjprf^ fw «tW55t »tftPr® «f»t 1 

5f sfcm 'san ^Rprtft »tRp 'sl^il^w csfel 

’Fa,’jf^tfht.'srM*! affsr® '5®«ftl% "Fa 1 

CTtJI l%fipi afoi ]prttai WsItS af®! <m, ^ 

laff>ia?I ’TS '8'^, WWS tS’F '8aR I 

<2Ma >4^ '4l1%f?t TOR ^ ^j^ftfeara ^ 

Rta »tWB^ I 


(Verification of Archimedes Principle) 

»n( frosf 'swi^t > 44 ^ ^nfr® »re 1 %rR 5 ^ ’ll? 
%5 V, “ 1 ” Rttf I V 5’F 14 ^ ^<tl 

PiTOR C5t« (*t) ?Sft« <44? PrsOR C5tC«4 ftOTOf ajt?Sl R) 
RR <4’HS ftatS SRI CKT« w ?tsit^ Tfe I “Jii" 

“< c5ir«4 srear Sr < 2 ia»t 4Ff^ *jia, r^r “•T csttsir 1^^- 

4R RRSit IIt V CBrft«4 RtTpsw?! JRR I <lRft TtRR 

( 4 ) 4 R »trtrR f 45 l 44 t« CT 4 ^ *trtlR CTOrR« 41 cia I 

(R^ %»R <4^ 4TPf ^*t1<I mat I “’F”CIST«f5fe?rR4C4TRt»R1 

«ta irt« I <444 r*r nraR ®R Pti 'f»iRc84 fipF 

^»Bi’FRRttaw 4r4Tar*r‘Fi^,'a4*’p”c5ts 





’Trt I «R»ra V c5t«tT fe’tm fw 

'9«R ^Ffsral I vfl^ ’ttW 

%s?t fw ^fPistc? cirto I %»n “*r cstt® bi^t i 

W ^ ^ W (Tfto ^ *11*11 iWSH- 

^ #ir5i:? I uwtCT 1^1*11 cBtcs^f 's(iw ^tai& c5tc®?i 





^?n C^f fwaffev-i va|^^(^ 
V’C5ti:«^'Q«R ‘V’ C5t« ^ wm 

^ ww ^ I 

'Q«R ^ I -jm we®! 'SRTtir 'sw^T ®r91 

(side tube) ’ttCeff ’tmfe <7Pf®Rn fe®f 

feel ^ ^iHg^ ®prf^ w®r ’fi-jpT TTfee e^ "srff^, 
feel 'flppft ?rn?t 3T?dte feete 'q’br et% ^ i c*f^ 











m ^tHgJ^g ^1 W5r« I 

?rrf^i 'q 5t^ 

^srrf^fsrf^r^ ^ I uq^pfe fwfe?r 

Tn:5(^irt^ (OT ^1 

fwW5 C^t nW^ W5T W5^ 
^W?T I ft‘*S TfsfgfS W5f ^5^ ^TI 

^ cw 5t<i 1^ 

^’s.'r^ ^n I 


*WU<?f (Specific gravity) 

f?FtH ^^r?l<5*l 

era ^•■©^•) ''Otfij I WZ^'H '9^ > 

^IF I >'»•& '9*! •Stfir I ^ ^iT 

9 ^ 5 r 3^:5 i yr^ W-^ W'd } 

^•■v£l?( ''H'JJOT '9?P^ 5'5’<t / 'srtJi^JT 

^^'9 I t2ic^ ^c4'’r^ f^w 

fsTBf ^9^ ’=\K^ \ v£l-?5ife -Jjsfeil ?ffj:^ 

5^^ ‘STO 5F'S5r[ 5^3T ( ^ ^ 
^’itiPC^F '9 I *"<['3Fi-rt^r©iF 

>8^ (’^rrfVfsrfet^ ^) i ^ 

>S^ Wl ’Tt^ I V-(7F ‘^1’ ffil ■st’i '^im 
va^P^ I ^sm nrrc’^ 'ssrfe^tf^ 

3!^C^ Wt=n I 14^ JftWSi Tf^^l3?F ftfwfe wl^T 



08 

'Q 

'srWJfi '8W5T ^'Q I ^sm '9^5?:^ '9^=1 f??rl 

w^^^6?r 'srtr^tpF^ i 

^C«fa ^ «rt^ (Floatation) 

^ C«fR?ni C^ ^iSsf ^ 

»ff^ ftRi ^ I 

4^15 «Ri fe*i^%t<i— 

W«ff5^ ^C9Rr '9wi:^ 1 4 ^ ’iwt^fec^p 

^’fc^ f?CT dPnri 1 wc^r ^tic^ri 

'9^ 'srr^j^i^cffra 'Qwci^^ C5C^ c#t ^ 

^Prc^ I ^5[ i[^ fe^j^Vn:^ wgr fe:^ 1 

^sffer ^9^5? ^9 fe«Rr%tc^ 

I 

^ 4 ^, ^ ^Pnr®'«ttf¥c^, ^ ^ 

W^ cm, '9«8R '9WC5^ ^I?R I 

^«rm ^f%r® c’CT, (71 ^ ^ ^ WOTT 

c^ni ^ ^ ^ ^ot^Rt^T ?r%^ I wcm era ^ 

^irt^ ^ 45 r ^ cr 
^ TO1 ^^c®m ^ frara ^ ^ 1 

4^TO 4 ^ feffe c^rtirt^ ^ ^%1 ^ 

fi[fef^ <2Rr5 Tfrar wc^r ^stfwl ^ttc^' 1 c^ik- 

W ^ WWe^R "^Rl, ^91 'erl^lt«r=a 



Wf-mi ^ 

C5t5r ^ TRn Tt^ w cjj^ 

«Wi|T»l1 

>1 '5^ >rr<iTi St} fv r tcii ts*[ wst? 

^ I ^5?f®T ^ 

«i ftwftp» 

M. *fC5rc^y CTTf^ ^rfrowcsi ®t%i'm>i 

^1 C51^, pj'^5j ;!p^ ^ 


( Heat ) 

k ^ 

^ SHI ^,1 CTO t% »tSTC«firfe*fir ^ 

*IW -srsH C»f%h8 «rmi ^-si^s 
'5t»f w^rrtan^'ii^ ,1^ ^ 

«tn TO ’pfirai %»i, ^ ,t?ri 

'5S9i,sh% tot TOt Trc»t apfffiro ^1 

’wy^s <H f%!t ^ ^ 

^^Ifsnrf^i 



\9ib 




^3 

( Effect of heat on water ) 


^ <2prtftr5 ^ ^frs-T ^'s i 

C«a[5T ^ri%l, «2Prt<T«l- 

* » 

»ffe ^iwtc^ (OT '« ^cT ^iwtc^ c^fM i 

(Hask) ftar C^f’l) 

^ (^) vii^- iftc^ vs^rm 

^'T’t I fe«5, TO fro 

I w:m 5 c^f% 

cfTSTTi ’I'm c’rf^ ffth i irtm 

c?^8?^t^ Fh? ^riw, 

^ (2t9n:3r ^ks (^) ^[?rl ^srtTTr; c^pif^ f 

^«ifif sFT-i =TC5T?[ fefks i 



^tc*r «fC9i^f af^Thr*! 


"vsn:^ w^r Frt^'9 '^rrr'ssT 
1%^ cscir^r^ 

(2P1H*I C^f% ^fTO 
fs^ 'srcsfF («f) f’W 

1H^ I ^OTf <2F-lf^ ^irtii 

•^pwl ^prt^ 1?^ 

wi’tii <rrPF®, 
<2rr$icF^ 'srt^srfFi 
^ I Fti:^ 

'a|l%|'^5t sfl ^ '®rf^'8 

(^) I Cf s?l 





'51 


^ "sw® 5rrf5rai ®W5q nr® 
nftni •rtf^nn ispitfir®^ 5 ct?i ■?«( 

%1 »tfwi ciffsic® *rt^ I 

Change of state ) 

t2t«r3f^ "STtw^r ^twi apsrt'Jf^ w 

^ I ^sfcinr c^^5% m 

^iferT nrr*f?i 

I ^TfffQ ^i^icvs? ®rtr^ i 

5TOTI ^ c5nrr?r cw«n Ti^, 

^ ^ ^ I ’T’n I f "8^ 



5fiT ^iB?t *\fiiV5 


’tw 'srff^i ^ ^1 'smTf I w\ 

^ ^ ^ ^ I ^ dt?rm 

w I ’fir:! %5^ ^ 



^ sryfl ^Trttir 5rr«iT 

<(^51 ’^twi 

cwi ifsi ’(tt^ ^ ^ sd I «rw, 1^, »jg5?r 
<2r?% '^sfMOT JJ#! »(^«t 'SRTt^ «f®i 

(?lft 1 *r>W 'SfstMOit 

• 

’Tt^ I TO[^ csn:^ trf^- 

Tfc? (?r:^ I ^tsn irtf^ 

^ '^s^pferl .Tt^ I "Tl C5n:^r 

’R^ TflT^ ^ ^K\ I ^ 

of’^ c^5T, ^*1 'BRTizr®^ 

^ firf^l ^^an 

ioo" (sp iNr) I I'fc© ^arrw 

crairl 5^1, ai^ c%fel 

<?rrc^, ^5^«i ^^sitari :>••'* ^i\u^ i c^r 

nt^ar f^T^ <& wOTf 7\^ ^ «i5 

^srf^ srfirR ^ I «^5Tr»t^?Ri ’ti c^r ^itrara w^ 

■^T5 ^TO*n5 (R ^ ^ ^?»f 

I w 

faiRhQ ^ 5f%r5 *!rfc^ I 

C^R ^raBf ^5[ ^ 'SRftfe 

«F(??T^ ?FfWl ^ I (R ^ 

’^^rrraRr to wr ^<rR«! 

^ ^srR^ wsl^ C5ff^ ■‘‘tril I ^rtfe to 

it®1 ^ CTO r mfef TO% ^ftc^ 55^ ^ 





«f*i ^1% ^ If?I <ii^ 

c5«(%rT 5f»irB'«t^, uw» ^»rcjra «f»i^ 

^ I ^ if*I aw 4t«1 ^ *IU? I tff¥t 

^1W »(fta?l W "Ttf^tsi *tf|5 Jl«1 »It?^ I «RR ^«( 
^ crm '5?i»t ^ itsi 5011^1 TO 5'8^ *itcar ?iT«ii ^ 
c^, ispist ^ ’ncw^ ’tfir I 

TO "iff fa, ^1? TO 

JrtW StaW TO ^ TOT TOftf fwfsm I TO '^-■^ TO 

ifl^ c?tl TOs: ntcuf TtfSw 'tffror, istm 

-H*” ^1 *ttatiS^ ftroi to 

TO^ tsRjf Ftt*! Tfeal to i 

TO? TO *t% %fc? wf? 

CTO? 'satfe ?Hh "afiK 'atR^rts ^sfro to i 


artWtan 

(t) 'SW TOI? *ffKl TOI I 

<?) Rrot ?ll^ ^ TO T CTOsft? TO C«rw? 

C? TO ?tfTO TO ^51 ^ r 

<«) Jrttet TO^? TO Sl^sl TO CTO T W s’fl^ Mft? %5n 
»ItW CTO f 5'e^ »ltCI TO? TO ^ ^1 TO CTO f 





^ 'Stc^ ; ^5»rt59I 

_ • 

( Effect of heat on air ; Ventilation) 

^ ^ (feira f53r 

^ ^ ^ c^ 9rt®i 

tfRs^^sir^f srt^ cqs^, tTPrt c’it^rW^ 

viPPfe (^) w I 



Ftm ^<1 wte I cff^ c^’^n 

I ’31, %l c’twm '5r?*tfe FfPi^ <ffiCT 

WS Ttf^ (31^ C^ I ’Sir’ll 





8> 


>8^ "SPItfirS 

yrt^ (318(1 fe*R3r <?re i 'Et*t (jtosi ^ ii^i 
*ritffi ^tsjt jRjr, 8rt1*ra (si^rrs ^iftm ^ 
srtiiwl 'STtOT I 

^*t ^ 'srt?^ ^ T« '8 ’n:«r w ^ ^8n 

*tP5 I §?{C!t -sirsst (Rrt^ Pwfe^ ^'S«t ^iwi 

(TS I 8(11, fe*tm ftC8F pfsrai ^ <4^ 5tft*l1W?t 

^1 ^ ntisrai <Sr "sa ^ toi i 

8pCT 'S?(W(i Ttr? >8’H5 ^entr^ «iim <0^ 

^8(1 'sttsRfi ^[f^ *ttf?r ^?[C5i3( fe»fit c^w ^ 
^#ral I 4^ <Sw f3f ^ '®rt3t sttJ? i 

fetp?ra ft8fiJ8('5l ^tups (31 «Rt^^ 8?® ^5, fesri ^ 
wrfff 8F«ti^ ^ ^ 'srtJrtOT (7f8ii (7f? I 

^ I ’Tt5?rst®ra w 

’Pftsi ^»t »rfir 5(1, '58pi fe^tnni ctih 
= 11^ aH «1C8t (ft^l '^R? '=® (3fI5t 'S(;c»|?i ^ ^ I5tc»t 
'5115 «tlc^ I ^1*1^1 8(11:, fe»ti3( 8(13,8irt?r ^ 3ti 

^513 38(»13^3313 'Bfar f(B3l ^rlCT I 3*1*1 313(21313 3*?31 

«I1C3 I (93: C3 (3*13 333 3f^‘n f3fC3 3l^ "31331 *11^, 
«rt3l3 3*8(3 -^8(51 (215(9 3('? 3W3 31^13^13 "jf'IRllJ"® 3Tf%3J^ 
3^ »tf'5, 313, i9«F® 3lft 33 I 8mj3|'8OT3 j3fsj 3RCH ^»tsf 
'St3'i>3J^ ^3lPf3 ^ ^3 I 

(*11331 3133 (31^ '8*113 3l«3l C«(»tl3 3191 3'? 3'5 feS’W 
3t%l «ttf^ ( 3C3 3l9fC33 3!l!:»t, <2|ftt«l3 'StC*!, 3C33 %68rl3 
315 333 33 >931 31*133 3^ (^ 315,^8(13 %33 fw?! 





8% 

^fli ft<w "8 qjPi ^tfwt< 

MW «CT1 TO I 4^ %5»t 5m, ’Rsf 1^»W fwl 

5f»Wl TOt? %5»I ^ TO iTOH TO I TOlm 

TO? ?c«(r8 ’mTOt? pfSrai 5ilt71 c? 

fef*W ?t«l1 ??, ^?t? TO csfsiy^ (ventilator) I TO? «!??. 

?t?j^ TOtof? isiTO ^ ^ 

TfJ.f?'?!^?? ?ti:, 5TOC*!? 1??J?TI ?M1 TOFt? I 

%5? ml «flTOrt ??i ^fro, •'si, c'sI^ctiJ? 

ol^t,'8 ^ItC? *11 I ^?i? "ww '®i'®'o 

m tfroi ?t?i I 


aWTOrl 

(>) ^*t ?ni^<2i»rrf?'5'??, *tfw ?t?i I 
(^) §?tc^ ?t|«ITO fTO*f TOI f - 
(«) cs|i|»c»lfe? »ITO TO TO ?5I I 



(Effect of heat on solid bodies) 

'a •tTTc^ ^ftin cstc^ or^ 

^ 5n 1 ^ ^jpjii <2mi ntf% i 

fear cmin^ ^ ^fer 

fe5^ fei ^rPnii (^) ’Ti^ I fei c^ ^ 



^ ^ (D «Tt<i5f t%^ fei ^ 


c^Hl ^ Wr rt) ^ ^tei feaRT fen ’ffel 

^n I Wh ar^ (?r wi f^wirt«r5r i 

iMl ^ fes^ 

fw?l ’tfed I 
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c^ c^rw^r c^ <rc^, ^ 

t? ^ Cftfe I ■ OT ^?RFt?f %1 fe^tC^F H? 

^ wl ^1 

^^ptfec^ 5T?CT <2tr^ wtr^ri ^ i ^vt?i it^ai 

^ ^ c^ 

srrf’nfi I TfOTcr^sc^raf^ 

^ ^t?i3r flf^ ^ 

c^ 9it^ ’TTferr^ 5R?r csc^Ri 3rrc^ 

^<1I =n ^tf^i ^ c^ 

^#n ♦r^si ^ c?^ I ^pm ^*1 c?^ 

^?pr ^?n ^fT^T^f^i ^f%?n ^ ff^rai ^6^ 

1?^1 c^ c^?r ’^t^rgrs 

^it^t?r t? I ^ ^t<i ^ «2r^tfi[^ 

c^r^r ^pRi ^t?r -jti i 

<i5rr< CT t2t»rrfir5 ^ 5«:^ i 

<1?r< 3^^ ^5T 

^ aRTf <rr?i«i 'Q ^srizr^ri ‘irtc^ i 

'®rt^ ^ttcsT’ (y^ l5T?n ’f^ral ^Tl 
I fwf^ MC511 c?t^, «RtC5rl 

ft ^ ^rtfirc^FVf bs^r <g|^ ^ ^itaitir if% 

^ftcsT ^ I ft^ c^rr^, ^ ^tft 

Mirftc® ’«rraii? 





Bt 


^9% (Pendulum clock) 


^ 'srM wfes 

C?rf9!W^ C?r9PF (pendulum) 6^ I 

cmc^ bR:9ni ^ ^ toi i c?r^Tc^ 

^ftu5 c*rr»R:^ srr^ c*rt*i^f^? 

^1 bffr (2tcw^^5i^ (^ 

Pro ^i c?f9ii:^ ’ife TO 

7i«Ptt^ I TO ^ ^1 C#f I^CSf aF5 

,fhl 5%^, *# Sf^ifl 1^ TO ®T<l5r 

'Slt^ral I 

I ^^Fim «^5tc’^ 




bf^i ^ vii^? ^s^rtr^T bf9i 

^ ^Pral ^ I ^c«i 

(C?t1—slow) 

d|^? 1^ ^sfi<!, (fast) 

^ I »!t<rt^*i ’dwis 
5 ^t^iH 

^pRTi Tisftait^i ftc5T(?rt®TC^br^ ^Prai 
^ Tl ^ ^3tc^ crfsTO TO 

TO ^1 ^ I 


CTt^W (compensated) 1^1 I 

«r«i^ <<ttf^T9r9 ^ 

cJft^fTC^ bf9j »K?tt ^ I ^ c^rfro^ c^rf^l's Pfs^i 



RWH-^SFCTml 


S'b 

aWCTt «n^ ifirl 4^ ^t^twl ^astfit ^ i ^Cta 
5|WtCT Cft»IW» '®rtI5l ^ SPrtCBI w«f»t 

4SR^ >rtwtt5fl ca Sfta »«F <sw^ «r*«f*t 'stw «wft« 
^ Btt, -w at T it w ifwif*! awfi® 

lS^ ^iwltf^ ^tcaa sitftal ^ftPlro art i ^ 
«lWa >^. siWiw OTt»r»f*ir<w 'sttcw (?rt»ic^ 
*rt« ca ’ua'rtH ^i<K CT t *CTa Mr (^) ^ 
•♦tM ata I ^ wtn ^ fSil'ir jpni wf*H 


ourvtvri 

(») «tc»t ’I'Ttc'Ja is^*i ^ CTsi, 1^ I 

(%) apTRit'ra Kara 4ca^fif ^ Tt« I 

(■a) nRft'® filfiRR's Wl*t^ ^ C4*( ? 



'S (Heat & Temperature) 

^»t '9 at'W ^ I 

»tfiRlt‘l ♦ttot I ■iwt f^fsiOTt 

^ ^C5i9 5^ wsr #nn c^i ^ i wijk 

'5t»t ^ 'Spft? f^fsfflfS ^ C^ ^fiPf sitf’IC^ S 

^triT c#t iswfe ^1 ^t%i '515^ I 
c'ST’Tf^r ^ ^t?i5t <fl5R ^ ^ ^ ^1 w:®r 

?rt«t I ^ ^ »rf«rtit‘i ^fcn ■a’?^ 

TO ^^tsf (?r%^, c'sw^t ^ iT«l ^ ^ TO 
cTf«r ; TO ’it«(H*i TO ^ 

tot ^CS »TO Jfl I (TPil ’Ttfl ■n'^ TO1 

TOI TO TOI ^ ^ ^ I 

’tferti fsH^ w a fit srw'tt’if’i^ 

fl ^TOH fS (thermotneter) I 

(Thermometer) 

^»t TOC^f Tosh Hit?, 'Hfit W$1 TO TOf’Ttt® 

'HT5TO8 Ht%l TO I ^?1 H#:? HlfrtH '"tiro ^ 

■i TO’TO *(TO<5 ’RtTOH TOSTO 51*1 »ri^ 
TO? I ?ir*Rt ?<fel *115151 *^51^ fst^ 

k 

5 ^ TO? I TOt »m< TO? ?i?w #tom? hM ^ 



8b- 




<trwc^ ^ wl ^?r, c^ ^ (71 

<7j ^ wfwl ^ ^11^ c^ ^ 


WT'siTTt^ I 

f5(^*i 3Ff5(tsT Wnl 
v!i^ 7f?P ^^csnr ^ 

c«itr^ ^ esR^ 

^1 c^ «ltr^i ctN5 

^ it®1 'Q ’tiR 
^?i? ^ ^?n ^ I 

c*if^ c^ <11W tSRtf^ 

■r 

^ ’^V^U\ ^h(\ ^ I t£!9(5( 

«R ^t^8?l C’tsf, ^rR 

'srtcf, (7Pt<*rh8 c!r$^^ srtti 

^ ^ 5t 

<2r^t(7Rl b5^f% ^ ^ I 

til^'fec^ (7!ftc<SfF (Centigrade) <4^* 
fec<^ (Fahrenheit) 

^^1 «ttC^ I 

c^zm <«rrtf^5 i2Ri^ ^9T 

f% (srfOTt^ ^ I (2R^r$ ^ilirpf^< 
(TrRTfe TOW ^[C^fT ^lt%1 



C>i1^ar® (>i) >8 ^fnii- 
{^) 


<?r%^ ^x^9 ’TR? ^rt%i Tf^sRTO eF\\ r?ch fw 

















I ^rtiRc^Rf ^£i^ 

^ I ^ ^ (?ifkm I ^n ^ *@r 

^ <!l^*ti^N3 I 

^ f few wi:9[?r ^itr*^ 

^rrRf?ri caffes ^ 

^spTTfir® wt5^OT^ 

felki cwi^ wt^^mr 

^ oqwffe fft’T wtfel 

wt'nr^ wi ^••® 

I^St (P^m I c^ ^ ^ 

^ W ^’Sl <RI1 

<?fts^ftfet?:?f^ ^55 ^1 •^fe^ 

^ ^1 I ’^ft^fefOT % W ^56 

<ic^ •" w >••* ^(r^t 

Wt^ Wtfel 1^1 «2tC®J^ c^ 

iiiw tot I ^ 5^«rr^«fw :>•* 

'wwiT ^^Tti=rl •rtr^ I cwt^r cwt^r tot «* ^rw^re 

'wwffe?? (?r^ ^ I 

wTc^*f^fe^^rf’fwtfeli^i <7!ffetfitcw c*r^ 

•* w ^••® f^St ffefw« ¥trw*r^t^ (?i^ 

* ^ 

^Pittapcsf ciw? "srew^r TN 



«rNf^fenirs 3?^? Ttf^ 


8 





sir* 'grtc^t 'ST’t ^%l 1®^ ’llwt’pl' 

’*Ffira1 TW1 ^ I eiC^PFfe C?t^ ’iRt S° 

a 

(7rf^®5 •" ¥tR«nrfefe w\t ) I 

>Q 

i 

(?lftcfil^ (^"•'*03^2) fe<^ ^2 ) I 



t2tt^ Sb'®'8 ?Pt2 I 

o(T^^ c’lffeeRTff t^t?r <lfiRt«i «rt?[ 'S*^** i 

^jw I ^ %fwt^ ^ »tt% I 

TO »8® t^-Sr >:>«® 5pT2 ^ ’*rt^ I 






"swil C'TSfl i|tc^ I isitw# 'STt^ 

4 slc^ I 5FR«f^ 'si;t»Rt »tfwfi ^ I 

?rfT s»° 7t«t ’F^i ’’ttw w '® ftir^ P 
"STtlirai ss+'%x« ir** 

1 3 

' S >0^ 

w 'srtf^’Tt^i? W;l^* 

'Tt!!^ <*rir^, Jftfel '=rt?*i 411 ■ j 

•rraw?! c«itn %5?t 1^ ^rtf^w ^44^'Nr 41*14414 ^ j«“ 

■4144 44* 44 4lf44l 4144 I f4^ -1 « 

?Wff44' 4744144 C4 <rrtf4^ 44414 44 ’144 • i « 

^1 fwf^ wtr^rWar 
^ f%ft?ii W 

I « 2 rfI 

<«it#-f§tti^: c^f-*t ^1 ^tfw[ ^ 

?rlfe ^ TO 

TO cror < 2 tnrr’i 

('>) (2lC^Tf 9 M (TPtJ? Wro^l 

c^mn 5rl c^sT ? 

W M«i «2t«tt^ f¥ f N® 5pten^t^-is 

» 

(o) 4l4f4§1?:4 »tt44 474414 44l 44 C44 ? 





(Transference of Heat) 

b^Tb^i i 

(conduction), ‘*lRb«1H (convection) <iPI\ 
(radiation) m\ ^ I 

( 

(Conduction of Heat) 

•ii^ c^tW^ ^ ^ <2rtc^ 

C5h^«m?p ^ TO I 

^*rtr^, '®t^ f^?ii v»^rfifc‘9^'8 i 

'S^ 3R:^ 

<?nr^ 'Tsfe c^*t I 

^t?n'5r?[ ^ I «2r*ft%^ w 

c^ *51^ ^ ^«rr^f% 

^ ^ ^#ai ^ ^?c*t 3Tf%i Thi ^ I 

^ ^ fH4lr^^ 

'aK*! ^firai ^ i 

<2t®ft%?® ^ ^ ^ j a 5IW 

^at ^ 

'"R^ TO I ^'« TOfer w %i w t? ^ ’Tttrs 
<ita I ^?5rar f^ro TOfer <srt« ^ ’sjfro <TO 





J5t5 %i «rai ^ I «rr®^ 

Hlai^ ^ '5t»t-’1%tft (oonduotor) I ^ Jpw «rt^ 'art’t- 
«vwi»pri^^ c^rWi<K?r^w 

irfOT, '®r^, c?rt3r, w, Ttw, <it% 

«rffe ^ ^ c?p^, w 

irtc^'TOTT wt^rl 

w %1 Tf% ^ita =n, 

I. <TffNr <iT5fT, fwt^ tgTffej c^ftsr 
CTO^ Tti?Bi^ ^fe?r<T ^^twr 

=rl I wtror '9*^ WF Ftf^ ?rr«-n 

tf^®T I ^ (TTii:^ i 

^Is^®1*i (Convection of Heat) 

0«rt%N5 wl "Ttif ^ I 

'BCT?! 

fw5 

(^W^ifeir) 

^ 5iTORr c^ ^ ^ I 

f¥s ^- 

wtr$t *^i 

^ C^ ^ ^^CSTQ 

^ it^i «m:^ I ^ 

C^STt^ vqt ^ ^1:^1 <?rtPF ! f% ^ 

effort ^(1^1 



^nnr «r«r ^c'OT, m 
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^ ^T?r f%i 

(Tp|%^ <ltarfe ^t?R ^ I »iiV^ c?f^ 

5r:^j feSn srW 3R^ 

’m ^tr®c5i ^«tt^1inT feii ^rw? ^*1 f% 

f% -51?^ C5f^ I t2i<w 

<2f«t1%^ ^P^canr w^pr W 

««riTt^ TtF<tfc3r^ 
TOHT ^ I ^ 

^ 'srrmil ^ I 

li)^ w®T ^ ^ 

^ -n^i^r wm Tt=T to[ i 
^ ^5rr^rl-?[ <iti:anr 'srrPi^ 

’tiPT ^ 

to, 

5rr%i 'srt^ I vfi^'sn^ lii^ wsrc3?t^ «ii^; 

^^«rr^f^ to ^rrcsi I 

^ ^ 1tfi^ Ttirs? 

«i%5R ^c5t I ^<i-<if?TO:=T ^i?rc<^ ^ 

Ti^ ftf^ ^ 

^ '^Rc^t ^ ^c?r I <2t«rt%:^ c^ 

^f?fi:<^Sf C^ C^t^T ^ 5^C^, 'si^ ^^1^8 ^?R 

I c2[«rt%^ c^ 's Tr?r%) 

^ wl ^©sTtrs^ ^ 1 TlijrQ®! 



srw ^toc5 





it 

^ ^ ’TtijraOTi f^?[ 

'Srtt»Rl1[ ^tc»i ^ TO 5l1 I 


^tC’Rf (Radiation of Heat) 

ipi <a^ »r(t*t #it9i 
'srf^ral ’Ri’t '=«p5^ ’Fft I >fl«lTtn cTO ’fI!'! »t<ft< cwi (?(W 
iW 'siWm TO ^?p:=ra 'sif«OTi c^t^t c^<t Hit I ^ 
'STfsTlm 5rr^^?:5f ^srtr^ 

1^ ^ ^ ^ 1 vffcH 

^ to ^n I 'Q ^fir59p^ 

<2t‘ttto> ^srf^rTOT fto "srr^ ^ i 
<?rtfwi ’srM ^ I c^ fef 

(71 t2t«rt%:^ v£i?F ^ ^t(7i to:^ 

fWm*i ^1 ^itcsn '®tc^ i^rfe‘5 

f^^rl ^<1^1 I m, Pit 

f^PTlt 'to I "Tl C^ 'srNOT 

FfPl’tfrt^ ^to ^ <21^ ^?f ^ cq^? tq^ 

(Tfi I ^ip7T?r 'srr^OTT etf^finTF 

^tt?r ^5TOf?r ^ ^ ^?nsr ^Pnri '^itto^r tfr^ "^4 
TO ^PRTi 'ton ^sr 'to^ ttf^i 
^toi^ toftr titj (7FTt 

til TO Ppflt*l TO 5 'towt 

'srrPfttt TO tt ti I ■ 



c^ ^rtrfei w^ 'srrwi fro r 

’TJR "'Ffwl it^l ^ I fe^m 

c^ ^ ftfK ^ I =srtr3r ^ 

f^^«i ^%i "srr^ ^1 ^ I ^twrcsT ftrar (?^ 
®lOTi TOi ^ ^ ^n, irtfSpFtr^ 5|iT f^fK 

^n #i¥i ^ ’3?niit?r c^ Jrr^i i 

W^ ’Rts? ^farm ftfNr«i tot ^rl i 

^ c^c? ^sW^stf^ ^ 'Q 5rt^1 ^ I (TT 

f¥m %f c*rt^*iTOj, fWNr*t 

’Rf ^ I ^ ^ etpr 

TjtfTl t? ’I? 

I FtZRiT (R^^, ^ ww 

it^l sfl I Rt^ TlTST ^ ^ ‘‘ttcsr ^o?i^ <ttft«f 

CWT, ?<f, it^l ^ ^ I 

^trc^R fear <ift^-irr^ c?^t^T 

I 'St^ ai^ 

^tar I ^<it<5fer ^ (^i" 'q ^) Rtr^ i 
m sr^TR^ Tt^ ^tgjRj ^ i 
V ^'Q 5p?«i, rRjtR 

^'o I TTF^Ttarfe ^iirfe ’TtraR 

W (RRrR W WTRI I ^<1OTI 

c^ ^ (TiW^r te) ^ ^ ^ 

^5iRR Thn 

^tT®^ <Ttarfe^ ^Itfe^i (?rs?i ^ i ai^ 

^s(jrfg^ <ftiC3i1-Ft^ I ^ ^ ^ f% 



















^ m I *it<3ris ’ftm ftt® (?rt»ri—trtm 

iSMt? '®t*t »ttt!I 5I1 I 

’rW’ttst '«rstCT 

»t%5Ra !m I 'srf'rm »rtTi «^Pral Tt5*ii<5fe ’k 

’FC? I CTl^f awtei^ '5t*t f^c*W ’Fftro 

ntrs 5ii ytm ^<f, ^ »tt% 

’It? I 


(Energy and its Transformation) 

'QW5T Tl ^rtf^ «f?rl i 

'srTsnil ®rrf% i 

^ TORI f^?-‘ii 'srtr^ I 

wflfe ^?rl froi firs ^arfr^r, ?rm 

^ «rrf^ OT I ^STtC^rl ^sRTt^ 

^ WRl I ^-RT ^*1 cwf^ ^ 

im Tfr^ ^ TO, cTOr str^i 

%i (7pf%?n oti ^rw ^^itr^ 
^srrsRTl ^t%?r I 'srtr^^p, upjf, 

^1^5*1% '« »rf%R[ 

^ ^^FTlRT stnitBR iF^, *f% 'sraRirr^t 

T^\ srRT »ff^^ »f1^ 

'srwr^ni s^%t sfircro i ^ ^ ’tI ^ 





^ ^ I wn 

^iwrc?Rr 'OfSHT^ ^tr^ 5#«r^ tot i ft^ ^siW?! ‘iiftrar 

f’lfeCT Fmi ^r:^ i c-twrc^r ^ 

FtTi c^i«T^il'?1(i> ®rfe^ fefi t>PjC'« 

^rtiTF I Ff^pmr TO ^Tt^ to ^ i ifitrcsr 

^ff%»f% ^<i»t%?r fwM c^f’^ri TO I 

^firo fTTO ^ I Ff^ ^jfiTO TO" 

^ iij^ ^st^TOTOo Pt^ TO ^ I 

f 

lil^ ^OT 3f<fT f??l TOJ 

'«(£rf%^ ^ I ^TO?r 

(2K11^ TOt?! (TTt^ ^-TOTOt^ 

m FC^, ^%1 CotTO TOTl ^ I 

-sfMfero I (Pfs-TO TO TOJT 

fwl ^ftTOlar 5 ^ ^TO^ ^5f 

TO5( TOf^ WTO I 

vflTOsT TOf I 

(TT f%f^ »ffef >8 ^«ri wi 

^c<f?r c^ ^ *f% i ^ f.’t 

TO’^d WTO tototI TOwi '« CTO*I TOfi ^ 
1 %TOI "^^fFtap 3rrt5 Ff<l1 <#irl aFC^ Ft^^ 'q feTOTO 
<2iTO^ Wfiitv i 

wrt TOt^ TORTi TOt?[ (?T^ <2t5p (ttWhto ^ 
wri TjJ^ WTOI C^ <flf«R FWt (7!^ vflf«R ^St^TO’Tl ^[TO I 
^t^TOsrl (TT ^ 

TOwt 'S TO, c^ (^ f^lTO Tot I 





f9I (St'tw CWT, »t%M ?tl%i»t% (StTJtl’t 
’#jrt*i 'sft’l? ^ ^ I *tf^ ?t»tt^ <3NH5|^ 

^^^'srtJral 'sitPratfl I 

ftt2wfca?r ’PTSt '?fstf^ »r&<rr*i-^5, ^ 

'srM ■-(I'iil^M'e »ltft srI, *ftf^ sfl f^RM i 

<4^ ?i«t ?lit»t I 

«rtw*ri 

» 

(i) ^»Rf Jt«Pt»R ’R ^ ? lippft ^#91 %1 ^T8 I 

i’i) '9 *t%5[CT 'Sicm 1 ^ ? %$^it:si ■wr 

OT’i (2r?fe ^mtir ’FfitOT *-1^ «tir^ c^ ? 

{o) •nisi '8 ’imi^ ^5(1 ^ I 

(8) W’ti^ JR Slits' 5 ^1s Ifl sjt^ 

^1%^ I 


'HtC«n (Light) 

^rlC^ItJf (Nature of Light) 


Ritsrts i£Iff% ^,<4 awft ^isTtfsTTOR siCT srff5W% 
s? isrtfN^lcsi I <4w®r sis'll %t, ^rttsrl Rnisi 

s4*ws sRt I ^twiR c^ 'STtrsThra »m<f '®mi ^ 





«»• 

^ ^ fferl ^1% ^ ^sitsrlOT c^ 

^ 'srW CJff^ ’ft^ I w c^ frr 

^ srr^ I c^ ^ ^ ^ ^ 

c^ c^ 'Q (^<1^ f^^*i 

3?i^) ^ c^tS ^ ^ I ^ ^ <2tf% 

(PICT?® (TTC^t wtt^ ^1 "src^- 

^ w c^ 'sitPCT fetrtn ^ 

'stWc*?^ c?^ *^4 ^!rrsnrl ^ ^ i ^ 1%ii ^ 

3RT 5lt^^ ^?I1 ^sitC^rt^RC^I «2tf^^ 1^, 

^srrsrtOT cbtr:^ Tfel ?t?r 

^tr«n c?^ ^ sn, c^-m ^sitrsn 

tstc^ ^ I 'srn:^ ^p^®n ^nri 
'5itr*Tt1^'® 'siMot ^^tiTOT 'srtfwi 
^ I ^f%^«rt?i 'ifirai "sri^ ^ ^twi 

’®rrc??rf^ I ^ "siwn 'srtT:^ cwf^ ^fi, 

'5Jti:5Tr?m ^ ig^P!t*r^ c?f^ i 

c^ ’TW ^<17 fed ^sitCSTl ’Tta, ^- 

^ (transparent) ^1 W^r, 

<2^ffe I ^=rt^ a to fed "srnisfi 

5fer® <trc^ 5rl, ^=1^ (opaque) •, cw, 

'STM 'iPT? <2t^fe «rr^ I TOft5, 

ift^ t? ^thssfl ^ <2pffe w TO fed ^srd:^ ^ 

^ifertd 5%^ ^ I ^t?d '^65 (translucent) I 







’(SR 

(Rectilinear Propagation of Light) 

BfSrai I 9f®pr«rr^ "siwftr tot cti^ %r %1 'sitc’ii 
atc^ wsf (3M1 ^ jm <3Pit? 

’tew ’It'? I 4 ^ ’R^r ’ifwa 

fecsw I ism ’itHfer «f® fltet froa^t «rapif»t 


Trt%a f«i “TO^” cs»tfti CW 1 ’itit ra r a 

a'ftt'5 5tta I *3?’ tT’W, arTtk ncr ’la 

*Rr «l1'?tBtta a^itsf 'srttgi <stra^«ir8a awtc!? <iwf5 
^ a) crRita I ’Ft’W c^ ua^fe^ 
CTTaatf% >4JH^tca aWl wf ca at1%a f*Wl (a) ewt a't'W 
ftsr (®, a) caft ^Flk»i “a ® a” w <3M1 
atfltt'?t?i <ip|jrV>w f»t^ li >m oMta asm cbw 
atf%a f*wi caM owl art I cartatf®, csrt ^•w ca 











































^srtfinrl ^1 i 

c!|^9f'Q Wt^tm ^srMfip{ %n vil^ 7f?P 

'Q ^ ^Vq ] Of^, 



*tfr? c^imrt^ ?Pi ’i^TO? 

(3i«(t^ ^?rtt a ^ ^t^i ffcir ■^fr5 

I 

^ 55rl^ i 

'sm:^ *t1w sn, ^®wi^ ^ i <^f 

tsrc^^ OT #rai, ^1 'srfffe 

♦ 

^ I ’TORT Cfr85ttt»t Sj WtlT’If? >iFffe ’Ttf^ ^RlWtfe; I (?rc^ 

fe*ra <i«'«iHi c^ »wt Tti ■’Rtwi '=rtc51 (?Mi CTm 
fe»ra ’FtSs^ftfe 5W »t%fc51 ^tck ^rtc^rt « ^fsRt 
isit^ft ^#t®r, >iF?&i wi a'Sfi »fr8?[i ’rt^i 





































'itfei 'STTO fe’f?r 

^ -'^rn:^ i 

(•i) ^n?T ^ I vitals 

'si^ w I V’ 'STfr^ThT ^ 

’^rw^ ’t'fhr ‘W’ ^fwtrf i 'V*'?r 

fsiiTi^ ^i^hf csi'^m 

^sflWl ^1 

Tf^ ^ 

f¥?[f?r5 'BrrcsTf^- 

^ft[ «fTOT 

^?n '-q-fe® i 

^1 ^ ^tu’n’i im *tf^?rrc5 

^’fft^ ftC3r *'51^" ^5IWt^, 'Q % I 

V, %i few% 1 

(51) ^rs^fe ^ fVi 3 fj|3|]c^??i "jto. 

<ror c^ ^t?rt^ «2fff% ^ i tix^ m 

’jrm ^ c?^) tiRsfe I ftfr< 

^ W “•-I’q” ^ I 

^?t»f viR? fs^irfw "SfNt^f 

^arfcsTi c*#^r5 ntc^ ^r^?n ^ 

^?»hsf% vsitCSllf^Vo ( -^x^ c^ ^^”us ^t«f( 

^n <tfen ^ Hi I "^*r 

^sql 5rl Tf^ ’^l r^nwr^r 

fetw ^1 srtsr 52W?r( (umbra) l 'TtC!? 




ftsrt5t-'«Ttc»rf55rt 


*8 




Ttw *^<85 <?m >8^ '«R»t 

»ra*i ciPtt? *ttnr, ^'tw^ "»p?” «w? 

^RW 'ai8i'TlM8 
*1 ^1 ^«;twa %*W7l 

(penambra) ^ ^ I 

’WrtiSs CECT 'stC?^ ^ 
CiMl ’rtE, 

^ ^ »tirt<'^ 

^ 'srR ?rNi ^ 

STS 5t5l bsstft 

“*t«” tnn *?8" 4ISSW w “•w," ^ I f^ fjif^ 

"W#nwiti . . , cs. 

*■ ^itNCT <2Wirl R'lt's 

I Ijf 'S|f*i»8 '»rt^ »tt«ft TO Jfl I 

cfefrora fe*R[ ^t1% ?ltf^ C5t^ <8^ C*tfTO CT88|C*18 
aRjf ^ 51111^ STS I cirf«in 5tTO 'TOfe <8^ 
TOTltc^l 



«wirw 

(-) “^rttsn TO?ri ciff<i sfi, ^rtt»itfTO wf^—<sw*i to i 

W 'TOsn TO»I CSTO K»I, TOrofe 'tfN TO1 «ITO TO I 
(«) iswfti '9 fe*ttTOi TOt r §TOi tw«i irotft 
TO fiaj TO1 Cif«tr91 *tt^ TO*f 'TOrtW ^ TOH 
sittet feroro itTO frow TO TO I 


fitfWH (Reflection of Light) 

»ps[^ <1U5, ^ f^ 

f¥^ ^arriTr —^ ^sTtc^rt^ (2l1%^3^ i w^«f^ c^ 

"srtisrl 'srt(:3Ti tsifeqsf^ i?|ir1 «rt^ i 

't 

*K*I W*1 <grf ^ ^ i pgpy ^ I <gf 

ftar) 

•rt^ (point of incidence) I 

^ «2ff^5^peTC^^ 

'®rf^^ 

(normal) ^ I ?!ft(^) 

C^C^*I (^^) 

^5t^1W (7Ft*l (angle of incidence) <2tf^ipP(vs 

^ ^ C^ C^-\*\ (^^) TOl, ^5t^tr<F <gt fe? g w 

C^*l (angle of reflection) j <2tr3T^ 

fiHR ^raprfz^ (2iR>¥f^ i 

{'>) lift, <2fft^pfir5 ^ft tiR? ^qftspir cqi^ »ito:»i 

^ I («^) (?ft*l >0 <?jft^F9Rf ♦RI"^ ’Prt^ I 

'®rtr®Tt^?rft ^ sRSf^st^ ^ 

«im i ^ ^jini fkar^ 

* 

‘lI’HW 'awpm ^ ftjf { ^ ) '"rtOTl <iW«ltf% 



<srf^¥*f»l 







^»i%i <af%^f9!^ 1 >fl«itc*i ‘W’ 

?iftt, “m* (Stl%’rf^ tPh, “^’T 'sit%9w I ftprt ’ll 



wtcsrni 4t^ 

»rWrqT c«r»lft5rl isr? <2ifw3n (?Ft*i 

“’W *tr*Ri »r>rt^ I 

(Divergent) ^[ftl rlt*!? ^>15 
I i2tf%»Ff«r5 

'SfWCW cmc^t 'srt’RTl ^ 'Tlt'Rt f*tfCT 

^rais? ^ I2rt%f^ (Image) CtfR I «ftl?iT?t iStf%- 

’psua? «prt*i ^ ^rtv ct, (?Fm =w >« 

<2tf%%ir4l "smi i2tf%*F»Rf JlSiJiSt 'S(=^fl?'» I CJItJf^tfef 

<s(i%f^ iw ^ «)5rtc?r 's^Wwt cPtw «tP5, 
ftci I oM, '!rM («t) (3rt5Htf% (t) («? 

feiftfl «tfe% (<t) iS'»c«?i ’PitH I 'TWiir ^ftda cj»rs?tt»rt 
'^Wl fffsRtii jpi? %*Br '®rt^ ir(f<W ^ (?f«i '«rtqj?pr 
«tf%% t? Tfc?) ^ 1%^'“iliprt^ 






































































































































































































































^ ^ ^ (Ptf^in I 'SlfSTfOT 

'srt^TOT ^ ^ c^«i 'sttsttot 





^ cstc^ 'SOT’i ^ I <2tf%f^?r ^ 'sif-rti??! 



c^t«ri cwsr 


'sr^ri^ 5T"1«f (?f^! 

firRl^l ?»*fi:«m ’TfarR «f%5T, 

«ff%% 1^- (TTf^t^ot^ ?rf^ I 

^iiwrfir 

<2ff^ipp|vs 

^c^r, fe^i 

^Spf^ ?(tX:^ I QH^ 5f 17^ 

5TtW 

>W ffiRTRl ’US StSi f»l5P? 


(?i®ii c?«ii ^ I li^sitfji stai ^TrPTts CT i2if%’p5w 

^5, ’5WS ^sf5s ’Frtj*isrf% f^ ’TOT I 







^\f 


«i’ir«rr»n 

(^) (2if^*p8it»i^ ftspT f% ? 

W <2rfef^ ^ ? tHc*! (2rf%% 

H ^c<RT 15 ^pfwi 'srwi ita, <2lf^¥pf®' "srtr^rl 
C¥t5T fw%^ ^ f% ? 


fiTl^ «i<oin 

(Refraction of Light) 

i£|¥^ 1¥1 \9 citri 

I 1%^ W C¥t^T ^55 (cw 

it^) (Tiw t2rff%i (cm 

n, m ci'^rtir 

(sr?^ ^5^ (^Efc^nr) ir^ ^ 'srr^^ toi i 

<ill^ «2fffer <2lClH 

m, ^sitCSTtl Cl iti 

^rrCSTtl ( Befraction ) | WC^Rf f^?l ^ 

Cl ^ m ciiti ^tfin ^iti iti <2rf%5Fjf^ ^ 

( Befracted ray ) I '^iC'sIl HtH f% ^5tCl 





(srMfw ftcar 

(Incident ray) (TT =it^ ’II^SSTpI^ | 

(Normal) 

I #tl 91^ 7\fj^ c^ C^«| TO, 

sfhT (?Fr*l (Angle of incidence), 

a (?Ft«l sir^r <2rf%^^«l c^»l ( Angie of 

refraction ) I ^% 



T?K5Tt’¥^fff?r «ft9r a|f^«| 

<2rf^^lfe ^ftf, ^ 

^<?jtl2FR ^Nv£5T ns <2rfW«l (7Ft«l I ’^rf^f^ ^ 

ft?pr ^Eitci^ I ^«n s—(^) ’srT’l^ (srfejifir® ^ << 1 ^? 

^ 3i4i^ccri i?rti:^ I (^) '5rti:5rm <2rf%ym«t c^t*i 

<2rf%5rf?r5 ^Jf 'srf^sTm w«nf5r trfwi ^ 

TO I "srf^ts^ c^t«i ^ ^1 f^fe 'sr^^^riro t2rfe^«i 

C^«l>8 ^ 5(1 c^ I 























































































































































*»• 

■ ^ <2l^ fe) whi 

<2rf^fl[^ C#ra1 ^ 


^ 5 



BfToT WtC5ft^ <2|f^1 


C?Ft«‘ <2tf^^*l c^t«l C^fe IRl I "srt^T^ 



^C5i?r 5f«g ^^5 t2rf%»#5 

^?1 C^«l 

<2[r^«i c^t*i 
«2rf®>ifir5 ^ 

c^l^ ^ I ^iw?r 5f%r5 ^ti, 

dtc^ ^stc5^ w ^tc^rr^ 

(2if^*i c«f^ I 

'®rfcsit^ <2rfe^r!nr®Br ^(i«i 


^ ^rrcsrf^ (?N1 ^ i ^ 


^r«^m ^itS^rffe ^ i 







^n:wfB mm to f??ri 

f ^fro, ^T?j^ w c^*\ csm cFtc^ i 

^f%i <2rf[TO=T j ^-n?r (2f% m 

c?'?n Tr5r I mv^ 



®rfl^ ^"T cftm 

^fro ^ ^ I ^5rn:5rt^f^ wcsfRf <t%5T, 

w feci Wr\ ^ !Ti, TO^ 5fiCT «ttr^ i 

mVs srj ^f|f?ri srflMf^ mm ^^rfcsrl 

mv^ cctfe c5Nt^, ^ cc^ sfj I mtmt^ «2[ffe^c«m 
^ ^ cl CFtCtWfC ^STO-f 'STTICCf fe*fC5 ccciirj 

'ilCf?ft5fl CFtC^ CIFC^ cmt^ c^ctc fe^^ ctf^, CSlCtsft 

fe^ ccc cc I 























yR ^ ^srrcsrl ^sftpRt^ 

w, <2tf^‘i <?Fr«r •srr’t^sT c^*! ^w ^i 

(7ili:«m<2tf^*i (7rr«f 

apcsr ^ 'ii^l ^fii?tc*i c*ft%5f, 'srf^i^rhT ^ 
(2rf^*i ^ ^ ^ tIt!t 

<2rf%?pf5r® 1^1 ^ir«fj Wwi ^tcn, tstc^ 

sri I 

Tfi^rQu^RT ft% •, 5^. 1^ 

^ I ^ ^r?r§r ^ T^s¥l 





^ 'sitc^n ^ ^ 

^ TO, <2jfe^f51« T^ ^ I ^ 

^rf»ii^ >it^*i ^2if%w5ni fro^ ^%l i5z;^, 















•m'f-f’mi 


•k 

atf%% ^ I a(^*t >n< 

krar^CT^ ’TO TtCT ’UpB? kfWlTO 

«»(%?<% ^tTOW c?<n ^ I JiftfS^ (’jit? fSai 

ciM)’rc’f I 

«ttwi*n 

(’) '’Ttr’rm < 2 tl%TO‘i TWrv ’iot t fsro IV r 

(^) «rcn »rtlS ’fl'ssro ^ awi ’rfs cf’t y 

(«) •stfV’TOTO ^ «RT The i, 

(8) sillfB^i ^ t 

^ (Colour & Spectrum) 

^srtc^m'srprlw^r ^rtcw ^ 
tf|^«lr>F <21^1^ ^srtc^it? ftarr«i^ ^ i ^ 

«RT ftpife car%^ ^ I 

sfTsf ^^tTTO--C^‘5rft (Violet), 
(Indigo), ^ (Bine), (Green), ?^C*f (Yellow), 
(Orange) ®rf®T (Bed) I 

^rr^ ^srm <»rrf%i:5T 

(71 ftffcl ?i:<^ 5rl^ (Spectrum) I 

’»i1«2Wrar orftc® 

?FtCRl (Prism) ajOT <g|RRfi^ ^1 
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*tr 91 %:ri fscat V ^iftsrl c^srtJt 

1 <tk. 'srlr»il 'smfs sri «ltf%t9i **pf'” ’iw (3i'<lt? 
Pwl%*IC5 ■'if^ I '«Ttt»ii? »tw fkar aprPra'sfCT 
s(ttc5?[ ?tt%st, ifrts 'arftsil ^tips *ra»r (S'fra 
Bprai I^NOTt 45? »rM "»rf ««n? *(« 

TtcR w f??i ^am I fSm ^tips latcw 
arai.«itc»irt 'srHPi i ^rtwl fatsFora 



^tfc( ’rfm fe’fli »tf^, '5«p[ 

cf*n 5rt5, »iHrl 5?ti:»il Pliii ^ aw i 

’ifra S*ini »irtt*tf3 mPt, ®il»r 4a? aaia^ 

TfPt "*1^ *ica ♦tea crai afeai 

Par Pat ac^ Wcarta atf^aacaa alW Pl^ aPial ^alal ♦ttfla 
PPj atts’ila ♦if?»t I «na 4^ >re«r *i?hata ^ aPt i 


















^firai, cvrni m\ 

^^91% 'siW?! ^stc^ c*f^ ’Tfir 5?i I ^ 

c^rrc^ ^?ti:5»T?r ^ c^ 

^Vs cssif^ c^ 

^1 <2W^ c^ ¥ cstz^ 

<i%r ^<fe ^t'Q?n 

^t?r '5i«fr<5. ^<?i 

’TTf^c^ <?rrf%c^ ¥^ 

C5tc^ ^ 5 ^3?i (sm'« firfhi ^®r 
3T^rft^^tc^ (?f%i <iftf^ I uqfe:^ 
aRT^ ijtcsri ^ 'Q ^5? ¥Nwf^ 

(Peraistence of Vision) 

'srt^^ii ••2tf%^c5 appr^ Ji^^rs'stc^ c^ff^ 

^tcw^ ^ ^srrc^t^ ¥ a <21^^ 
fec«r^ ¥5T <2t5rff«r^ cn^r i 

<ifN Pr?Rt« 

’Tt?i ^sn ^r^sfe f^ar ^ i ^ fJsiwcsi^r w f^irj 
Csrt^l'^fe^ ^C9T1, 'aitl^l, 

'srr^^ii ^<t^ otRt® I 

?rtsW 5 (Rainbow) 

'BTtcsrl 5ic<fT ^ i 

w «rrsBri a ?itar«f?^ c*r%i ferf^ 






’fe «w ^ I ^ <iii4c« CT «i»wn 

*tP5,'S|«R1 #9 ’la CT »PF*T W*pr*t1 «tWl?t'otPwl C9^, 
fe 9 t 9 iPifili 9 fni? 95511 5 ?ai =?< 9 fti 9 m- 

iStOH 9#9l( #1169 f5i9 OM ) ftf%9 9C^9%^’J9^ 
*tC9 <2t1%»!f^ 99 I >a^ <2rt%Jjft'S Prf^a 9^9 9ftF- 
-sfij ^ ifspf’ffil f*t95| 9^ aif a ^F p l ^ii 9^91 9)1919 

991' f99l 9t1ip® atf%5#5 9^, f9f^ 9^ 5C9f I 

9f9l99l9 991 fN <9^*1 9flf 999 #fc59 

9rfpRl 9119109 C5tC9 9^5, ^99 <9^ 99«tSl 

91999P '®tt9tC9 911991 *11^1 991910991 9f9 *lPW 

9|l5FtC9 C99 9^# 
99, ^ *1^59 919101 
919990991 099 1^1991 
9^09 f*t9C9 9rf99l 
'5191^09 ^ 09PIC® 
*11^ I 0«9l9 f99ftC99 
*^9109 099 

9^ #’t%9,’tf%9 
919999 94999191 9^0® 99* 

99t0'5 ’tf^ ’55'^ ^ •floors 9!9 c9 

919109 f*l!8C9 9t%l 9199? C^PlTS 9^1 ?fai9«tO'8 
9199? ^59119 991 9l9 I «ttTO 9l f99ftC9 f*t?9 1^ 9lf9t9l 
9J9 99 fe*l099 %9 0991 9l9, ^ 99^ 

9199919 ?^9ftl 41C99 9^91 f9f5a 99999099 ’9<i9 9l99?9 






^®r (Colour of Opaque Bodies) 

?r« ^ ’’s^ ^ ^ TO?[ ^srfc^ c^twr^l^ c*rm«i 
TOT, ^sTtr^fi ft%i cfTsr I ^ ^srtr^n "srWwr 

OTTc^I ^ ^^fiwl, ^srlWl ^Tt^ CWf^ I ^ 

^ •Sltc^ C^«l CWf ^ TOil 'srTC^ 
!?:tf^^l OT,,^ CJff^ 1 ^ I C^lW’f 

cffR ^ sTt^i I TO ’TW '^(tc^itsr 

^5T C’lW^ C^t^lfe ^srtc^ C*ft^*| TO, 

c^ ^Tr^ ^tfwl f?TO to 5^11 ^t?:w^c’ri^t^ 

TO I c^ w c^t^T cm =ri, 

■2TOt^ c»rn^*i ^r^hri c^ffro ^ i 

'STtr^ri (srf^fiT^ to ^f^<n, ^ 

3rtwi c?^ I ^ c’lW^ ^ ^5ft??TO ’Tc^rr ^rrfro, 

to C 5 f^ I vs M, ^r|w c^ 

TOW ^ I ^twl wtr^rNT ?rf%5T c^ 

5n:«% ^ v<i^ vsp^ j%fs^ ^tfto fro, 

1W*f <lte, fwf^fci TO I 


«i«arr»ri 

(^) ^srtrwi TOfe ’rsrft 1 

( 5 ) T[^<ns^« 2 f«rt^f%? 

(o) ’ffr^ ^ C5f’srt^ ? 



•t'W?! (Lode stone) 

tstm ^fHCffc-t ^ 

^1 ^ c5Tt^ 'stt^*! nr(rs[ 4^? Tsirr ^tf^f?ii 

oft^ ’^rferi tsrt^i 

'^'^s ^ 

<stt^ *rf^«ffrc¥ <rrc^ i 

g^' I ^ 

^t«i fw“ft‘far?i w^ v^wt^ ^c**i I 

wi I 'Q 

(?TtPt^ ^«fi '«RTt^ ^wi ^f^, ^\ 

g^ ^rtl^ I vilf^-srt^il^, 'Q <7=^ 

<2rff% TtTO ^ I 

4T*-(rftg^' <tK?i c3Tf^ 

'gf^ 31^, c?fRc^ ^ <2m:^ <2tg?r w 

3rt^’^rn:=T c^'m 
» 

5rr^i ’tfwfe^ wrf^, g^ 
^^*1 ^^^*1 *tfe 

^ <2ri^ wear <3pr (^Hx^ feir 
(?f^) I ^5rr^«i »f% wu^ 

^ ^ ^srWtCSl 

I *it"<? trfwi g^ ^■‘^N 



5T? nfft^i 





la 

^I cf«t, »rw?rsit^ ’Fm-^its <iif^ 

'efr’F ^51 ?Wt»r UPR liP^ farf^fe 

* 

i2rt« ispi; '«!*R( istra 'sfWt^ I gTT 

*it«tnRr (?r istt^ «ftc^, (?i? ( 

(3RF) 4^? C^ <2tt^ 

(jra^»r V ot) ’ri ^ i ot ^ c>rf«r ct cs^ 

(?RFir« (axis) ^ i 

a ^ '«*l wattaf, '5Wr<F fPf 

^ I (?tt^, aiff® »W<' alTl 'Sit# ^ 

•«; »t1a*t5 ^ sitir i ’Ft’iw, wl, 

^1 iSTffe 'Stfipftt't Ttal 'Sit# ^tt ’ll I 

♦ita'T® Dirt'S srl I f^”5 ’It'm 'S CsitftK ’tWtiiSf 

^^«?a c^tJi ^fsiwe, c®iWi:^ fetfan:^ i 

csfr? « 

f^c»rt isi&fl ftn pnr?' ’tfa'ra 

aRtl arts I cn^ ?f3|Tt 

^ aiCT I ffapt jasF jrrsta*t^ 
fe wtanr 5tts, s«tl (i) 

CStyRl 'srW!:?ra (horse 

shoe), (i) ifTSS (har) 'a|1<HM<|, 

■^5 («) *l®lWa {needle) 

'«rtTti3fa I gsr^ ars <?iWr 
'«'5TS 5Slts1 ■«? TfStS Sl»tt^ 

* =K 

TOT' 

a 'srt^tr^ ^?rl Tt?r, ^ 





7^ 


ffapi fSrf^ 


ftsstST-'srfrsTfb'Jn 


^ »ff%s^ ^*11 

^ *«rtr^ i 


(Magnetisation) 

^ C^ 'S ^ g^ wl ^ I 

'Q(?mr*% ^rfspf ^ g^r^ ?Rri 

g^% 1? ^ ^ I 'Q ^«(i 'srWir 

c«Tt^tr^ g^ g^^ 

c^ft ft»[ «ftr^' HI I g^^ ’fto, gm% 




gTiOTf^«t*rt^ 

^rrcT I g^ i fer 

g^ iwrfe <2t«rt^ ^ I 

(^) viR^ (bar) cfeftOTJ ?rW I ^iPFfe 

a CHiH OT (V ca^P ) wr©?r HtH 0!^ 





^ ^ I i2ttr« 

<:*f(fi^ *1? gWS JT9 <«? iSf gmrs?! ^5? OT 
■«jint5 'ilsi <2ttT:« ^rtRoil ’3^ '?[*( (Stn::^ bw i <ii^»t 
^"'tt^cs? f»trii ’BrN? ®tBt 

f^, ^ ’ffe^ I 

W ^ >i**B[ f^’tft^ cw ^ 

'sr^’Wt^i (\f ^kti ft€l5 fB^i) jRBur ^rtf^, 
srW?|te 5[N I ifl^R fe’W ^t%1 ^ CHV ^IScf f?»tiiV5 

f<rr? ^fwl B|^ ’iT« >in? ^ srtc^ ’l?i 

’iWtPi 4^<str? ’ift^ I 

■>fl|sll»t ^t^»itf5r g?^ I 

'St‘rt%^ «Pf ■*tftR( gr^ *tt^?1 ’Ttif ^ I Tt% 
=Hfenrt5T g^^ b®?rt1?t *Rr st^ ^ 

>4^fe ^»>tt^C8?t ( V* ftrt’ ftoi) 

ptfiife^ ?5i ^ <3m-'®itf5 *nF 
*tt^ vsl^l, '5tt?t 
<2prt55 KrsrfesT ^f®<raig g<rc*F 

(?FtJt g^C^ ’R’Mrf ^1 ,Pt^ iSPF’t^ 
^ CSlt^ ?[tf»tCB( >& ^>*tl^ ^1 CBfW 

f¥^ g^^fe sfest 
fe5tt?5 g?^ ^1 fkar 

ga^f^ fe’W <itt=ftt® %i5TRi ctW® gv:^? si® c»mrfir 
'®*'gl ’®tt^ fe’tiSRi ^ sr^ri??! B^Bi (?rWir 

’9*'?1 *tf^ srt^ I 



arsTc^ 

c^m ^ 





fwl sffto.g^c^ »tf%' ^ftil’ini( 

^tlwi C»tt'5ltfl1 ®rH ^ *tf^ *1^ ^ I 

_ Si’^’FC't' 'Ji'ii, sw ^^#>1 

^ C’tPct, eiraj^ sWoq^ 

^ ^ ^^ssi >*1^ atrspFfSf 

^ ^ pRPPF 

■r , ^rs'stc'si^ «ra 5Rt ql c^, i2tt^ 

'SIc'&iw ^ «H^t» ^ ^ ^ 


«rM*i« 

(Magnetic Attraction and Repulsion) 

ftOT ’sra^’t gT?FWtn (vertical) fl®TC^?r 
(pivot) I 

Tst^r ifsTtc^il g^?i '5r^t?r 

^?rf I 

cs\^ 

TFttW 

?f^«i OT c^F’^ir^ 

cm ?pp*i 

Qsm I 

c?w?i OT ^ 

(^^ ^it?i ftar) I c*ff^, ^rr<iT gs^- 

^r® »i%l c^ I firtl^ g^r^ 
^•1 (?W ^ ^ g^^PWFt^ fP'P*!'« ^Ftci 



ij^i5 gTPnnff 






v« 


OffsCT <sm CTCB 'S Wt? CTCS 1 

Of«fl C^ P»t^ ^ ^ CT» ’mra TO(, ft»l?l^, 

csne ■<l^r»fii ^i »t?M '»ftii (TtPite *rht ^ 

’I^’H CSPRI 1%^ 

’Tfal ^ ft’tfH 

CJRs^T'stt^ jrtafi,^- 
<m ^«rtCT? ^’TOt Ws 
’vrai 

'«tt^ ^ ^ 

wi ^*rl^t 5^5 fwtm fMi 

''Tt^’fl 




(Terrestrial Magnetism) 

fe»B[ Ttf*r5 g'wniTi ?*Ttt5ti 

«i=iKHi c^^rai wr i 

»t!%raii '^*1 fsOT'i ’ifsOTst, ’yT'ift fsiw^ 

>9^ I ifsitpri g9t^ (R OT ^5?fi5( '«CT, 

anP5 'S'PT^ (^<ft9 ’rtTR'i f9m tfPufl c’nF-’i?»t) 
’jf4t% «ttC«'^^'®l CSJtfJT fsttwi pK^ a cw 
•tic^, (71^ CT?Rt 'S'tT’Br (»ITTR*I JVTPH ^ 

) cw 'jMhf <riVi <2ttt« mf^ I • ^srtcjfi 

'*mt5 prt^ ?Pf*I « (3W W3FW *|f«)% S55?I '9 <ff^ 

(TR? 9W Wfffe ^ C?R fvf 5tl 

«(tftrs ^t«fi ^ I ’3f«i% ^ « 






vs 

=fl i?r c^ ’it<rt?i ?f^Jt ^53 c’tK’F 

i2tf«<rpF3 CT» <43? ?l^ om^ 

3l <2tf® ^33 (?np 3l%l 331 3^ I 

^ *W (Compass) 

3^513 3t9ttl5n 31 fH3lfaR5 533f 3^31 ^_3f^ fw 
’FC3 3f^, ^ 3lf3^C33 f3t»t3 <2tC3l3fft3 33 <43? 
^3113' f3#K3 33 31 331 33 I 3^ 1^ <2131333 33 

331 ;—(^) *1C3^ 3^, (3) 3^ 1 

31:3^ 3*3fC3 C^tt 'S3iS f3^5OT3C3t3 3tC3I3 3t33ti:3 
<4315 C5t5 g33»W3iC3 •'ftt33 ^33 3131 33 I g33»l3t3lf5 
3531131 53133 3^ WlB'gl 3f3C'* 3tt31 53333l3l3 
3131153 '®3l3 <433lf3 C3t^ C313 3f3CW3 ^33 <43f5 33 
3113 ; <Sf '3rS3 3i^fW 3313 3f3l3 ^3 '^3 3f33l 
3f33, 3p63 <43? '333® I33«f®t3 3t3 3?m3 C331 33 I 

^333l3lfe 3t%33 31^5133 3l ClftC3, 3TC3I3 ^3f38l3 

3lS%1 5131 3133 I 

arttfltiBR 3*3113 «43fe 0313 f*1®t33 3li53 3l3t31C3 <4315 
5^13:33 ^33 < 43(5 5333 a 331131 3lCll 533<fai6c3 3ll3 
3 I 33 I <433113 C313 *13f»3l33 ^313 ^3C3t 3131131 31t3 I 
31313 <4315 f5 4l3l <43? ^3l3 31313 33t3 3&1 31:3 I^S* 
3f33l ^313 ^33 313 3l5l 31:3 I 3t3iW3 *31:5 3l^ 
53:33 C313 '3?*1^ (Jf31 3l3 3l I <4^«f5r 53PF3 (2fta 



V ('Q OT ) 
^ <!rti?F I fw «?rwt, 

'Sift^ 'Sisrtif frps %H I 

>iw ^ TtF ftm FW «iP[? ^ 3ir<fJ I 

^1 09 ^ ^tc«T «rt^ 

^TtfOT «ilf^ '8:^ ^ 

fW^<^ 'Spp®^ <1C^ I 

a^ 3TCT8 

^m^rm ^ =ri 

^»it^T ®rQ?rl ir?i I fer m, 

’r^rtpnr ^fe ^rtfei^ ^ft^nifii ^*r 

c^ft^Tt^t^ m *rr^ V '6 V -4^ s[^fe f^*9P5 

1 '=rr«(5ft^ fw 

»rQ w ^ ^6 ^1^srW^ "< 'q V 

T!^ ^ 'sitll I ‘'^” (31^ ^15 

aiVotC^ W*1^ ^f?R:^ I "*t5p" ^■5?[-?f^*f^ 

‘V I wipnr 

TtftfB •ttc^r I ^sTTOr ^ft^rc^ps w "srrofeft 

^itc^r I ^ ^mt5 TO ^iw 
^rte (TTW Tfc^ ^ ^->Rt^t»r 

^ ^ I ’npw TOf^^iw w "srrw 

^ ^ st^arrf? c?»n ^ sri, wt fm 

^ ’Ffwl *rpF«i IW «rw ^ ^ fPH flrtsn 

C^ TOm ^[tfe W I 





(4) liwfe irs pp 511, f^»t vtf5n:5( t 

W gTT ’ra i2WtC?t ^ ’Trt ? ^ "9 

' ?Pf 1 OT 5CT T gt^ stS w T 
(«) gSTT ^ ISWU T ‘<wte g9^ 'stfiRl ^ W 
^%»r, «ir8j^ ts 1%«»t '»TtH*i TO ? 

(8) ^ gTO?t 1^ f 

(») ’jRft liPFfe gt^F, f5Fiiic»t sprM ^fro ? 

(«>) «rwr«R[ TOl^r ^ ^ I 


Win 

(Electricity) 

4^ "tfe I 5it«(t^ri^ «2i^rR3Rt fy, 

» 

’?t1 1^-'5f%^ (Statical Electricity) 5si'^f%^ (Current 

Electricity) I ftt»W IwfTOK ^*1 §^»tir ^ 

«r»tlt 51t5| ^-'5l%^ (Frictional Electricity) I 'S’FJTl 
gc»r't!Tt5RTf% <a^ «tTO ■Si toi 

^ TOt9f?I •aiT’ff^ TO I ftu ^'^-'5% ’Sltsitws. ftpw 
WtCK 'srtt»t 5rt 1 B*i-'5f%'s,t4F 'sitira w ewfl^ ^ ^rtit i 
>1?’iTO c®»i ^ '5f^5(ic5ii srtsRF ^ 

t(^ (?T!*t *1?^ ^%t<SWlf <StgK »tft5ttM Ta1 fH' 

»iwni ^ S(t»lt5i, 5t»itsf, *fW1«tfl% 





wtf? fW, "Slt^ ^ Pro T^jC^ I #l«Mf%s?r 

Wt^ Wl^'lUll 

(Electric Cell) ^ ^ I 

^ 1 : 5 ^ if^r® wi (’I) I 

iiiTft ^^itcsr «Fni^»rtRt ’rt^Tpp^iw 4^ ^ 5111:^1 
<iif^rc5^ sr:^ V5p^ ^ ^ vst^ ^ 

V ’TW^ ^«rn?i ^^rciTi '®rtr^ 1 f^W5 

^rf%i ffiw, of^ Ti^ sri, c^ ?rtTOf^ ^ =d 1 
<t ^5 ^1155 ^ 5 l^ ’TlTO^T w ’^CST* 

f3Ri ^ 5 %^ I 

^Ftferi fiCT,^(^,2t^ ^ ^1 if^ 

1^r?i w (TiMfe* 

<2mt!^^ «fiw I ‘^iftc^sii 

cffzm apS 

^f^<5.i?rc5ni "srrftvT?! 

■^fii?tt^i t?rtOT w 

fjRW, 'Q c5r?FtW» ^cmc^’u 1 

« 

jpjsT ^fe <ft?^ 

W ’^tin ^f%C«T, Flpt^Fta 

^ I' w <2Ki^, if^ ^5t?rr?i 

■<4^? 'TO fwl, Wtan t^C^ 

^=rrft^ "“TW?! (TIC®! <2^:^ ^ vil^ 5[«S3< *|»(^ 






(circuit) ^ I ^ <ittl%C9I 

^ ^ I 'swt ♦ftror »tW6® (+) cw i«? wtir 

*ttc5?t fe*Rt (?n:’t(6« (-) ^ ^ i (?n?Bt 

CSlC’tlS® (?nF '»t»ra <?RR( *CT ^ t 

5ftt ’ttpfe C>PI ’fil *t^ lj¥ ’FftCT, iSpHS b55tf? 

1 ’tjt^ 'sn:»Wf^ (?ift »tf%R('5f®«.'2W^ ^1?[ I 

'8^<, «Tf?Rtft'« 

(Conductor and Insulator) 

'5f?^C>IC»ra ^ (3PP Tfill ’ifw ^?|1 CW1 

»rt?, sri I <ft^ ^ ^ 

'5i%^i£R'f5 K^t I '®ra 's 5p(«rt^ 

«f»I s(5;s;c<f^ i2fff% »tl%^ (conductor) 

w %i'5f®'ti2W>? Er»ic® »rfnr I c?rt5f,’FtJ,’ftp 
« w <2W^ PCT 

(insulator) I 'S%^ {Vf^WS 'STWt’nt ^TlW 1 

f5|fert ^ttk fstf^ CCTfit, 71 (PlfiN ®17 f^SjiC'o?! 

»rt^ 7l ®7t9 '7^%' >5^5 71 ’>79 TSTtf? IttITW CTTtT® 7t7 I 
Ttten ®»17 tft'PftTl W Tf? 7f^, 7if%^<2|7t7 "ittaRf 7«(T 
pfsiTI 717, »l?tt7 <215^ TW ’fW I t5 CTpt "If^ 
alTt^ 7^ TtTtTPF f7*1>r8 tIStI «tlt7 I bnjjf^ 77771717 
fjifiRl CT^ TTtm 7mt7 7771 '7»tf7^lfl TTlf 
C777 T51, C777 tiTtI 7717 7t71 7ll(7 ^ ^1^ tIttI, ^ 
7517 7tt7r7-'5t7 f77lt7 >il7? ^9l» TiOT TJTTT® 77 

<77, <777 ^Ril'o *117 I 





fapsi (Effect of Current) 
fSFWt (Heating Effect) 

»ff5^ w fwl "St# 

’RPT ^ I 5ITl^ ^t(2Rt^ Fff^ -^l - 
lifs CT^i^%i<rai I ' 

^ JTi I '5r?rt5 c^ ^*titaf^ 05®!^ fl 

^ms 5ic«(T ( »tw?r f55) HitfSrai, ferrtir s[^ ^ I ^ 

<sm 'sf^rmro “Vsi” c»«w(. n a ^ 

<21^ mfesi, if Tpw’W'fs c^ I 

^ ^ ’IC^I >9^ «R ®i^ -'^v"; 

cwl%, g®ii « ’ra f*tfW ; i 

^ I >4^ ^pre ’tea «rPRf*i^ lippr isv iswta 

stfa m, 'srWia aNl ’rw 

fesa ^ I (?(Pt afel af^- «|Ji iiw ^aecf 
5^?! wPi ■•r«?i'4 ^ nta 5tii 
t? ’HF '5ft!ra 4141 '5f^^<2Kt^Ft®rt^, ^51 ^aa 

- at? <4at c»Rpr if feaa "sta 'aft»rt 

1a#K altaattai ^fipF feaaatijft 
^ atijr »R"arf 'st'swi? aj^ atr 
afiia^s ^ 5iitii?t, 'att»rtt? tpt 
=1 ^Rt® ati?ja < 4 a fe ?|g a t c44 ftmib) acar 
, • / antast ami 1 ait^tfa am 

A P V' 

caPti sj* pR® a?ai caan®' cm 
t-isifw »itc»n ^ ^ ^ I 




^//Il\\'^ 


*rtc®n 



fesl (Chemical Effect) . 

(Distilled water ) I 

1¥« ^*1 ^ f^[*riT>ii ■ 

(?H 

^ita w, f^s 
^ f^StS ^ 

^ I fkuff ^<**(2^317:^ «?c»Ri 

c*nit^ I 

'sif^W 'S ^*35? 

^«ttC3r TOi ^ ^*fT W^'Q 

<Si^ Wi 

(<tt7?^ft3f) ^«rfC5T 

I <im ^rrfetfe 
<?nR TOT ^Wsi 
<?n:^tf6^ csHRf ^ ^wtfe 
^ fwl (?rr’t Tfror 

f^fili ^ til^ “^SlTTl" ^ 

I fvfv«i ^ wr ^Wir ^ i 




«R 










»> 

?pfpt *(t^ ^ (?rw, *»fi, fjTC^ istffe nti^ 

Ttft "Simi (TTSSl ^ I 'sf^eRtOf? JmetTO 

'Bfll isiffe JltlJtT ftsis 'SRTt? *rt^iri ^ I 

'ol^^SRT? 'S (Magnetic Property) 

%:53fros4^ g'PWW »l'?rt5n'srttw i 

ft’F <ipHB «(1^ *mw “^' 

'iwfe <frfetwR ^ ’R9nr i "tsiwi isrt^ w 'sf^'^c’rcsR 

^ Capra cyt^t a? jfTjf <«? 

ISR-R^ '??F ^^1 capt, '5%«j2PrtC^ ^ 5^T»PlWfl 

airt 5 '5%^1SR1T ^ §51 'StRrPt §35- 

5^ ^t®tf^ ■sRTrt '®rtfjrJl I '5i§«,i2Rt5 €t3 

5^, gra'*t5TW« C5f% ^ I '«r5>55 PfirRi 5§5t, crPt 

'Stcra %1 '®f§';(2ptt3 5f^, §5t5 

55^55' apptf^ 551 

12W5 '515 5t5 ftCT 

sfesi, f5^»W5^ §55 055* 

'aiapfe fatiyi 15(^5 5%1 5t§C5 I 

^^!2t5t5 5t5f^5§C3®t5 

5[®CT,§515 f5»tft'5 

§35 C^ 5t§C5 I <5%^ 

5tff ^itora gtf ^C T C5 CT5f _B. 

^ i ' SRWIBra 53115515151 

5C55 ’WR 55, §515 51511151 ^ 

b[^lfe5 5§1, (§!»ICTt5, C§i^- . - 

5ITaf, (2fff§ 511%®: 49?te '5|§5C’It®I5 ^i5 










S»l 

<3W '5ttt ^ ®fC<ia (PTW >4^ 

fe»fir «ra i j^smwfe ^ c^ Jii c^, 

^ ^ (?FR i2Rt^ 

bfi'WCtt ?! I 

( Electromagnet) 

'5tc<ra ^tOf '5f?‘M2R1^ trt?lt^, feci 

Tift '^msf ST*F cici fr^rtc ( 
feMlWC »t1wfe' SRPT C»ltc1?l 'rs 
feci lit! s^c c5 

in I W^*! 'sffe'^iSRtC 

^’f ‘1 feci gctcc ^ 

'srtK?[*l TOT I ^'^<£RtC iratfecl 
»r8ci srtis, fecic gccc b{^ ^i 
ucc (?rtctc s^lvfcc <a^®t 
atctc sw CT 'sictft 5CC »tn8ci 
etc, fecic me 'sffetgcc I 
jee 1Mk*i mie c»itcie 
cetm^ lie 'Steel fetcelw ‘fefe'e inB 
meltel sreel ce I feclra cec >iPFfe 1^ «tlf^ c»itctcei 
ertefe efew »ttce ePral, 'sffeefcefe ^^fee •tffe‘»tt^ ce i 

( Electric Bell ) 

elc t cc 's 'blftcH mttil^ce c^>'etfete el'etee etfelt^ 
ieipifec .efere etcl tm ®tei c^ etcci ^e^iffec efete 






(2t^I ^01^ c*NI 

^Ffrk ^itfe'^iwi V ^rl^ 

t«R fe) ^ ^ c»rw?i ’it^ W 1 c»rw?i 

'iwfe «r» <i .Twr »fl^fe <1^ ft) I 

^ ^ ^rtfef ft) ^fifC»T, ^ i 

^^prnr ^5tnpi »ii^ «ttv 

JT^S «|f^ 

* V I 

^KW 'SI^TO ftRil 
‘V "»t4 ttTf I oiit 

^<1C^Rf “<* 

^ ^ ^ I uq^v 

CW V 

(?ic^tf5® <?PF cqt^ ^1 

^I^j5>» CT^ 

%l 

fill 

» 

^ttPlc^l '®Ht*Bt > «W? « 

c»rw^ »tf® v(^ *w (fiji ^ttB^ V ^*fif w%t »rctw-^ 
V ’iHr 4^ njwm (?rc«tiB« cw %l 'st%v 
(?iOT«tc^TO(i <^»t'sl^^wc^^f 5Bn 

(?Tt^ 5(^ ipt «W »rttCaRI C»ft?*lt® fetl^ ^ j cn^ 
’iiyarlijf^'^'^^^’rW^Vftiii'ic'iRi’?^TOji Pr'S^ 
>TO >R»I1t « %5^‘V ^3p»Rt JltrUft Ttfesi, 




iw^-'8itc<Tibm 


»8 

^i nw ’iw «!?«.<*ww ^f» I »t»i l^^'«<ni^«i, 

c»f>f*n^ .«trt Wsit® *rfc? ^ I !%(?-<« c»iit? 
'iiPni ’ ^ c t^n ‘V ’foi I 'iitffti »n< 

Wltf, '5|?«Kt? Vf Wj ’1^ C»itf*l1^ «l^5WfW 

^*15 ^ ?rtl«l "twa "?• 
’rat I •a^a’R ataala *it^ ^ atftt® aft^ i 

^ <«few amta a^ aar 'afiaia sPrca i <a^ 'sf^a'i^la 
atw catata« ♦taf atai aa >aa? ♦tcaa aw <aaft ia^flw 
a? anil aa I ^ii[, fef^ 'sf^aa^'ft a^ aa >«? 'sl^a- 
isiataa aca, aw ata a^ta« aaf aa I ^'aaaaftf*ic*i»iaf« 
atwcaa a* ^ca i it6 aiaata aai aa, >aapi f%a atf^ 
■saal 'sf^acaa atal iaail^ a^ alata aaa a^ atw i 

( Telegraph) 

ta fca ataia snacaa a®, ataa' aa-amia 

mia aa i aatia dsfaaitwa ^ ^ aatat cal^tsfe aai 

^ca I cfeP i a itr <^ a (¥*14 a?*! a^ al^ajaa i 'a* ala a^ 

"a" Ttw aaata •ttit^w atw fa atari aai aa, *ta 
ftca carta ^atta I V'rtca arttift (a) at¥ aa i atlSifia 
^ cara afta ria^ rtca aatiai <arf>'sfaajacra (a) 
ata-f«i?ta etwaw ^rtft ta ar ata fin catr rai aa i 
n# fitpcaa r*lfiataa aPial, <mtft ata aiaata. at rfiial 
filcatn aiari aai aa i ajl^tfia ca cata caa, aa cawfJa caaa 
aw catfe ata V’ rtca# atUta (a) affan waai aa i 
caafi a1%afacaa atcaa <aa«tta “a" rtcaa al<#ca (aO rffin 





M 


cimi^i *11^ (3W ^ fW ’till ^ fill 

V ^tOTf <st11^ W 

5fsir*f I ’rtfs '?*tfeTiPF ^ i 

i5f®'!,i2Rtf =rt 5W, ^tCT ’RWft-Wftl I 

■?1^ ^ 'fl’IH ’CT ’In^ *11^ CT> 

>wf5 5tf^ (5) s|^ »l’ir 5tf^ «lftt»f, ^ 

^ <iR? '5f^<!S^ ’t'Tl.'f 'Sf^iSW^ 5t®T I sift fBf»tC»I 

'W 5C51 CM I '5f^'V«Wlf ■^jliJlRlfl *11^15'® 0(9 

w %1 '5?^^ jRrrt’i-^ apti ’F^i, “< ^ 



’PftCTl ^3 “»l" ^»RI W %1, ^Vg«iC^ '3Jta[ 

I '5t?i»ra 'sl^vg^t^ '5itT?i n’t? istt^ (n') 

®rrta 4^? (»r') »RC<rt'n-®t5 %l ’ttfSc® (n') 

'5til»R( srti®? ^l' ’’^X^ ’f-C® '®ltfSlW iSW? WHCT 

»Knt«i-'5tt ’aliJtfk®’jjRTt? aiCT “=¥” ^rm’Trt 

^.*lrir c&»l1 ^^»i, 'stc^t 'sf^'s.aW^ Kf»i?t “«r 
^tOTI 'Bft? «ttCT I C'it'? *ti5‘P5 








^ ^ 

(^) ^■^*1 TO I ^ '®ni%l 

I ‘V Ttc^ ^srrro ^f^?l f?c^, ^v 

i^y ^<!.(2Kr^ ^ ^ 5 TOT ^«.gT^ 

(?mn TO 5r| I (’T) ^ 

C^yft^^t'Qfe ^ I 'V TtC=T fef^ 

CTO ^ V Ttc^^vg 

TO^*! ^1 

'^<rl ^fen, ■•^i'^rtiT^ ^Swi 

I ‘V TtCST FTft fePlTTl WTtir Wl V TfC^S 
csft^^ (9r) f^cT '®rt^fe ^rnfsT 

TO w® ^ V 

^ I TO1 V Tf^ c<2mc«Rr 

TOTl 0fftr5T I V* ’^rc^ “<-'il^ ws TOTl "< 
"?tCTT W tot! <2fr®J^ TOl ^J^Tl 

Tr%i, <2rc^jT 5 I^«i '« cm% ^ toto 

^ 3TTO Tot I 


(^) TOT ^^TOT TO I TtTtTIT TOT ? 

W ^tT'S‘‘2t'’^tCTO fr? 

(o) TtTtTTT TOT? TOTt^ 

(8) <:^i%T fM*i 'Q TOiTt^ ’^'T^ TO I 

(*) cfef^sitcTO ’gfi ^<<tJ f% ? Tft "^tfrol 1]^ I 



(Introduction) 

^ >ir^ ^rr?^ Ftf% ^itr*r ^ 's sn^ 
^nr^r wrc^—^ f%—^ f%— 

c^—^iifI>c-9 *tT'8?ri ^rtir—<£rf1% i 

t2rft^ ^c^T —^ }:m sri—^ 

^^?r ? c^it^ 3ff^ —(Tffsfi 

TO 53(11 c^t^ fi^ ^f5c^ (^it’f'i ^?rl ^5T— 
^ 3Fc^ ^iri ^fff^ ^ 

w^? msT!j ?rc«[T 'smi wsT 

^ ', ^1W.H "siKhr 

<2r^j^ ^ ^ ^ I cf^4j 

%i ^si 3f^<g msn wi ^^-- 

’tf^iri c^ «rf^ ^ixt^ i <rt^ 

'%•! a fro ^tc^ ’srha^T ^rfC'^T? ^^rfwtr^ ^frors 
sTfC-n I -slTt^ ^srRhr 'i'R‘1, ^TtW ^^5T 

•STtS:^ ^ 5rj—TO 

*f3p<i^ ^¥s^«rr ^ j 1^ ^ ^ 

u-i^fsf^ f5rs^ ?jtTi c^, 

^»rrr^^. ^srtrw ^ i '$ 

fhr^ c’lW^ i^5T—<2R:^fg ^si^Rtir ’trt^ ’lt'«¥l 





ay 

1 ^ 'Q fhrf .'W^ ? Tfi c^ltc^rs 

^ ^ ^?rl I ^ f% ^-¥^5rl, 'Q ^ 
m fwf^ f 

^5t3rf?r ^ w\^ (?r9?rl ^ 

(TtW Ppi ^rl I w\^*\ Pf ? 'srM 

•rt^rl < 2 W^ <rf^, ^?r^, ^®5 t, ^rtrt^, ^15 ( 2 rff% ;to 

^^ 'Sftrn ? 

<2t^?Rr »2W ^srWc^RT to i (^ ^ «2lr8i^ 

^fro? fro ^srram:?^ 

^ f% =a f 

(7f 3FPP5T ^ ’jPtflr® ctfRf---c>r^Pi shf ^rog ^srr^ 

* 

Pf f <2rf%f^gi fr, <iR? <2if%fipgtg ’ig 

a w«f '®tFi Pf ^n ? a 

f^srfJT vii^ 5r?F9f (2fC!lg 'Q TOT, 

gsgi 



(Solution) 

^ wc^ c^pf^ai fe^r, feiri 

^ 'BOT ^?n ^ I (71^^ ftfsT, 

<2rff% ftel fta -^tf^ ^ I oil W»TC^ aR«i 

^ ^ I Cl w^f% ^c^T ^m, ^sirrfir’fc^ wt^j ^ 
^ art^’^s ^ "iit^ ntr?r i 

f¥l '^*^1, Trf%, ^-wrr?r ^ 
iftlwl c«fF^c^, ^T?rl CTO c^P^ «rrFTO—^ S!1 ■^r’^fr'j; 

'>r1^ ^11 '’s^^ <i?r< wy\ sn 

—«raft^j »mt< I 

ftft-’fsn ^3T ^ 3^*i-‘5mi ^ m 

(?f «[—wm Tt? f^, ^ 

^ -^fm I '9 

IVs wm I cwt^ ^ wc®T 

^C9f, ^ ^«tt««i f^9Tm i 

c^ ^ ^^rrfro, cjfRm^ 

^ ^arsj^ 5r^«rt ^) ^ c^ ^•i ^rrc^, ^1 

^ I 5pj«i f% 

f ‘il^ *1tcaf W fwl TO ’Tfw 



f^®t^-^«rti:9rrF5rl 

c*rf^ 5R*i ^%5rl i 1W ^tfsRt? 
^ ^5r i^vs 

‘^'S?! I (2|Qh^tC^ (Evaporation) I 

^ ^ 3R«i 

(Saturated and Unsaturatcd Solution) 

<<1^ ?rt^ ^ ^ \ ^iw 

I rr®, 

wc^ I Rc.®i 15 ^ 

^tlipFfei ^C9f?r ^ 

sri I 'A'^ ^ '5jf%3R 

I A^ ^ ^ ^ iS^*l I C^otSRl 

'^rfes ^ ^ ^ c^woni ^^\us ^ c?'q^ 

^iTi c«mi ’«rferi c¥f%c^ I c^?ii 'smr (Rpt 

^n, ^ ^ ^tnr® ,■ 

<71^^ ^ C^ ^ 4(3Rt^ ^ '«ff%3R w!?r ^y ^ 

^srt^ %5T 1 f%i ^ (TFt^ 

WC5T ig^ WITT^ 'srtH'® m 

•wsi <*m:^, ^ ^ ^ ’ 51 ^ 

?--C^5t^1 A^ c<# ^ 5 ^s ^ 

'SfC5i?i m w?7Rr 

<71 ‘^f^*lt*l '®rt«i tbPi Rl igg ^ttr^i c^ 
^9^^ ^ wstPpF <#srtr«l ^ ^ ^<t<5. ffePr ti 



‘SW^ GTPrc«nt5'» P^filJ (methylated spirit) 

^5t^-^l«1<pj^vis (carbon di-sulphide) ^?f®r 


nfa35l?«| (Filtration) 

w ^rWrl ’itt'StiR 

'Q <33pft% ^ wn ^ wiT^ ^ I 

^rtfe's ^ ^3t%^ i 
wri «ffwl ^rr%1 The ; 

c^fRfiR ^ ^^^^l ‘^Itra^ 

's srtfe ^?itr^ I vfi^ igffeitiTF fir^tsc ^ i 

^ "sife '®i^ ^trsr ^t"^t^f?i^ ’pfirc^ 

^ ^1 ^ irrf%?rl (TPTt^ niisi^iwsT 

^iTR (rn ^ ifi?[? ^rfsrRir 

^ Fi^ 'srfC^ I ’^-<rr? v*l^ (suspended) ^ 

>8 ^ ^ 

^ irf5? ?pt’fcw?r =n:<fj ^ ^sfiirrl wri 

^ Ftf^ ^5j^ ^fjpTl^ wri TT^cw^ ^?rt 

**(tf^ 'ii^? ^fwR ^ ^ w fwi 

"srtftiR I <lfi|95t^*l ^ I 

« 

c’TRrWir <2W^ fer) 

tSRtsf ^ '8 ^ i£i^ ^ 'srhr® ^ 



TWl^-^STtCaTt^srl 


^ ^irrr?F ^rrc5^ 
^•n ^Rt^ (f&3r); ’iWsr w^t fwl 
’FTCTCSR ’TTC? C^ ?Ffwl ^>|l^^l Wt'Q I <il^ •i)^ 
WCW (filter stand) ^PtOT^ 



iWitW ^tar ^1 

‘’ffllVR ^ 3T?R1 ^ 

fli^r ?ta in%^ ^ (%n5?r fear) i <?rf^ 



<1105 'Q ^m\ 

(R ^ ^ Ttfe ’tt>8^ 'sWrs^ v;^ 

5t^«i firf^ iitli^ c^sWc^' ^*1 War® 

^ c«r85i ^ I w f^*t w 

^t% ^filCT T si^*l Wal® ^ 4^ *rft<5 »l^ «PT fwl 







"iitTi *R‘i «TC»r ^1»ral^^Fc®! 

^ wt»t '»ra^ ^fsrai ’tPin srt I ispR ’tlwm‘1 «i^ stsii 

9 R 1 -«Pl ( ^ 8 R 1 W ) ^ <}^ ^ I 4 ^ 4 ^ 

®R*i-«j»i ^ffira wn ’rfe^ 4^; *tfca( ®r*i 

»ttt«tPiir sr*i »il%w «w, 

’Tttei ^»i%5 '8 ^-’ml ^rtRwi ^Wsf fe’K 

ftai lit? i '®t*t%t? «F»t irW ^ 5 '5’pt «r®t 
fWl »lfwl %5?[ »tteff«R:5II 

(Crystallisation) 

Ti ^*roT ’^rrf^fei ftft ^ ^ 

'5t^ c?[^^ c^fRr^ ^'©^fSr 

NQ c^ ^ c^ 1 ?ftiri ^ 

(crystal) 1 ^ <1(1^1 5(ft^ «rlT:^ 

cfrf^ ^ I 

•*p(iJ4l<»lw< ^ ?rf%l I 

(PT TO I 

^w., ^*1 <2rffe TO ^ i ^tOT 

froK cTO TO^Pf TO I 

(amorphous) I 

f% npfeTOt^ wi TO, TONr fm ^ 

5tf^ ^"*11 cTOtftTO Tor I ^pfefTO?!. to 

■ferl TO^*! TOT TO, ^^*1 TO (pH 

Tpfen isrsTC^ ^rrf^ to—*3^ ^*1 



^•8 




(Saturated solution) I 

^ I of^ ^^RT?r ^ .*CT 

m ^Ffw?r ^ 5 ^ %52?r 

*ttC3RJ ^5^Tl? 'Erf^l 
^ttraRT ^ (?Ff5ral f^, 

^ (Tf^i ofRr:^ 

^ c^ c^ ^«r® ^^?rrci r 

»i| ^^ lR 'SO^ 35^ •Jpfe^tTtR 
I 

(Copper sulpbate) C^ 

fe^tr^o ^ •Tpfe^fe ^ ^ Ft^ 

^t^Fl f ^<fT «rff=PP^ W5T 

C^ •SFfe^fe?[ 

iil^te W I 

^Tf^ ?l ^?rR (Distillation) 

f%^i i5r^«i <ifeTi^*i ff?n ^ 

wl I ^ ^ ■'^■fifi:^ 

1^^, ^?t«r'2rfen 

<2m:*nr wc^ 'st^Rtsf <w«f ^ri «rrf%i:5pQ, ^ -nfirF 

*!rfc^ I ^rrcir ^ w\ ^ fesr, 

^tM ^jfK ^IksHT 'ssrtir ^ifwl of^ ^ i ^ 







(Laboratory) ^ «f9l ^OT ; 

<^C»I ^ ’yWt? tflCTO? efsiTV 

^ ptsf effarai ?r?ii ^ i 

'Tfc5^ iptr? yt^?r Tj^ <£i^ j^fiar 

^ ^ ^ ‘i’flOT iir<fj 5T5I arr’tt^ 

’!%? «q^ '¥i»C<5«int?r (Oonaenser) ^1 

^?r; • TO5=T3rtr?l?f ti|?Fl5 Cft^ ^TOT 'W'8 

( %5?r ftl5 OT*®! ) I 


»,5I 

^jTf ?^CiS 
5f?T '«ttf>i?l1 ^ 
sic5i?i si«rj^'^ ?t*i 
fsral ni^':®c? 


*rtf8^ «pi 
5(f^!:<5Cl 


fm «(f^ issTtwriOT «t*rt#l'9 wt^ti 

^t"*i ^ ^*fT ^'® 

E 







^ ^1^ «r»t ^f?Bl »w *ii»nr 

’i^nt %««»^ I ^ %5n TO»if 555} 

<11^ w»i ^%i cft% ^rtt55 wf^'^iic^. I 

^ ^ fSta cifftrsf, ytm «f»i «wf8 i?c>h fte»Rr 

j | H tC 5i i;fet5 5^r«n5 >«? «rc»ra ferl^ (tank) 5^ %5»r 

tw ^ i Pw i «rc»t *ift*r® I 

^♦15 fertCf5 %5»t «f»J ’NtSJPTta ^ 5 ^ 55t5 > 11 ^ *W ftvt 
51% %1 I «f»t 5trt *tft*l^ 5^515 Jpre 

api *tTt< «ttf%l 5t5i prt5 5l »tt1%'5«rc»t 

C^'*Wt5r’I'Tt^^ 5tf^ *tti:5 51 I 


(Sublimation) 

571*^5 '2l'?f% ^'5^'«f»I 5#I »t5rt<’ '5lci, CT«{5 
515155 %5*®t5 (at ordinary temperature) 51 %1*t 
3f% «I5Tl <5 '»5 l t,5^ 515% ^(1555 5155 515, '51515 
%»T 5^ 515% '5W5 5^ ifl55lt5 5% ^1551 <2t1« 
^ I «l|^ «t1iF5lC^ 5t»I I 5%, ^Tt»|t5»I 

<21^ 515155 C5155 5f555 5^ %5'*tl55 atl^RI 55«W5 
list's 55 I 

A 

515 55, C5t5lC5 5*(1[ 5 511*1 <55515 %1%1 C5951 
f%115 I 5C5 '551511 ^551? ^ fe*11C5 ^ ^%C5 

*|55 5f^ t ^ 151^15 551^ <55® »t1ti5 5%1 %15 ®»I5 
<il5«ltf5 %®15 5155 5151 5l5 <55? 5t5l5 ®»I5 <55® 5lt55 
5fPI»I 5%1 5515 (555 TI^T 1%015 ) I <555%% 







^ '« fer*i 

^ PFf^*i ^trarfe ^ I 

C^t^T j C^Pl^ ¥lI^TC9I^ 5JT:*(I 


I 

I! 


'st^iiTJr wTcsnr <5»nr 
•rnsr ^Jit^?rl 





*rrc!t ^ 

« ^ai<j 

«rrni 

^CJT5(^ 


c^ i<i?i{^t ’mr^ "srt^lir 

«rr?[*i finii, fefen, 

%55T ^pTc5(oti ^rfwi ri?nrr?i ^srti <2rt^ i 
Ttf% 'SRrr^ (?Ff5( ^^Tt ^t%i, ^ 

<tli3Rr ®9rm 'srtci i 


<sw*it»ri 

(■>) <3^ 3^*1 'ii’f (?ra mrm 

(Tltn (nitre) %1 WW <3?? »R, iS) 3^*1 ffelsf 

1 ?^ I 'srfirs »((? coital cireal ala fen sa afeta, 
a1 '5»ila alfeal atfaca r ffe* catata ■aai 
aflaca afeca T 





(^) ^ ? ferl c^ 35^ ? 

^tf^’l 5R*i, ^ IfePr 

W c^i^rn?F Pi#ff^ ■-'fi^fe ft«i*i (?m\ 3 ^ 

Pto^ ferfPf^ ^Fta ? 

W ^ 'Q 

(flj) ffR«l ^tf% 

(-n) 

W '«®1, ]^<'«(7it?n 

(8) ^ni’ffrl ? Pf ^ 

«2t^T?i wn ^Pr:^ ^ ? 


*1?tc<^ ; (?^^SF « (?^fiT^ •M'f 

(Compound and Element) 

-iwis »itl'«Fi-5rc®i 1%i *it?f^s^f?r^ (mercuric 

oxiae—(»lt»I'«'gl *Wt<J) »I^^I, ’Sjsf iSWfS JI% ’t?tt« 

<w ^ fe5?i <iPFi5 sm ’Fftral, ^*t5 <si1« 
«f9i*tfti5 (’in ’jitn ft® ) I ftnftfe ®itw m 
f![!?Rfl*t nftftm ♦ifl’Fi-nsi nftiw offten, jrtnft'fefipF 



<«PF isw?i «(spic«ii 

'^Wr^t ^c'si^ JR? *tfW-5it»ra »«?? 

(mercury) wfwst^ I ^ Rt?I% *W1^>wf5 ’tjl’t STtCRT 

*ffW-iic5r 

^Rl ^tt^NbCdE 

W Wl ^ Cl (oxygen) 

71^^ ?2f3rr*i ^ ^s c'f’^f) I ct^ 

sit^ 

-^irl c^—'5ri>t:?ife 

<lft^-5TC5T CSFtC?li 

(liotassiuiii chlorate) ^^'\ -^rfirc^ 

( '5^^ ) ’tm I 

^srtTf^ >il^ (battery ^ cell) ^ cm (pole) 

^ ftrrfeirrsi-'^ ^%i,<2rt^ 
;n:<(T ^ssjciH ( vo* ^s ) i csff^ 
<2R?5T^ ^5tc?ni -Sfl %1 ^UtOT j 

'=T%^ (^ dH? ) I 




^ %t<f *fr9Trl cm} lac^spFfe 'si1%W5f 

«(*Rrf6 I ’#rt»n9l^ aptc# 

*11^ '9 (3Ftfil*l (chlorine) 

sftw ^ ’I's ’itsm ’Tt^w *ftrs I 

iflii^Tcar 5t1#p^f^'»rart^, astofe <2p?f%. 

^ ’I'tK } ’FRl‘1 ^ 'STStfW *ttftt'f?I 

^rPTfirisw ’RWtr’t j '5t%i 5i^ ^ 

’W'f ’tt«9l *ttc?i I 
0 * 

■f^ ^51%^ ^ 1^^ C^ll 

^ ^ \ (71^^ ciFTftj^i. 

ot^, ^tr?rt ^ ^ 

^ ^,1 ^ cTt^ 

c^ ^ ^ ^ 

1|?r »tWt<. (Element) I Tf, 

Ol’lJ, ^5, Csfrf^^ ’twK I 

'srtTti^ c^itf^ ‘^iti^ I 

(chemical union) (cliernical compound) 

I 

’srf^l (2ttsr s»^fe 'srrf^ i ^^Iwi 

?ir<fT ■#! •rtH (metal) ^ 

(non-metal) I ^ CWl—'^‘f, aW, W^l, (Tit^, 

t<|tf^[il(iJ^ta[, <ttW, (7ftf^?rt^r, C^«lP|llt4|, <2rffe ; 



TOWtS 

^ (?iw «nii!Fi •w 

(Combustion and Rusting of Iron) 

>4W|5 C5l% ^1»w1 *ttcs (orucibla).>IlT’IC*lPlTrt "Tl^ <ltf*l^ 
'«'9l *1^ <Sr »t1oriS’<fl^ ^ttcar^w^^JiNi «iw*( 
>a^ *rrcara fe*Bi <a^ «»wfi((beiliar)FW 

?t« I aWCT crto, c^»wtera fws sfe*! wtm 1%^ 

4^© ^t© (2iCT»r ’aiT^rc'rf^trsr 

*• • 

^?ri 



^ ^ I <?rf^, ^ot^rcHPufiai 

^Pnri ^iSc^ wtc^ ^ (iov®i) ^tftc^ra 

i ^Rpiii ^srtrf (^’ic^RT tsar c^<r) I ^rtc^ra ^<rT 

) w (<J: ) 91^ * ffi¥ m W I 






'srr^ tmfm ^tll 5 ftf^Tt 

I ^ TO5T?r 'BTtr^ ^<(T a 

• 

^Rftl c^ sfl I ^^r| 

C^ 'Sltc^ I vfi^us (TFt^ C^tsf 

<1tc^ c^sf ^fa?l’%’ <1TC^r 3^1 I 

Wf— ^%CW5? «ii^? 

TO5i?[ etR)^^—=ri^ 5rt^?:itOTSf 1 

^ ’spfei c?r%t5, ^ 

c^ ^ '^v^ ^fri^ I ^vfi^ i ^?»r 

^f? 3utTOfjnit3[ *«ttf%^, '^T^i 

f ^51 CSfRro, ^ ’trcur (crucible) C^ ^ 

'®lTt^'Q^^ ^tffl ^ 

^ijNwfSra'N (magnesium oxide) I 'sriC'S^ 

^Tp ^f%rc«?c5T^ 3m‘?fc*i%t5i 

5 wsRr <i?[ <rti5?i c^Pr i w^*i 

fOTt^ 'siftrc^si pTsc*!^ c^, ^5W?f Tf^ tfPr 
fetki c^i^ ttPr Tt^ "sifwt^ ; "Sf^N c^ Mfiprf«i ^ 
w^ ^tPi^ 5rr?p^ (71^ <if?Rt«i '«r%OT»? 

^ a nfi?[t*l ^T|-5T "SRpfi ^%! «Tf^citCW I 

fj^ si^ '«rt?i cfi^ c^T^ «ttt3r c^iW^f 

C^f^tir Ft^ FT'S I vi)^ >8 ^51 ^m®T 

'srtiif I '8rt^^?[ 3 k:<(T c^ ^'srt^, ^w?i ^ts'ssi ^rfPl^l cq^? 







^rrPrsri i ^ ^ ^ 

^ c9Ti^ ^rfwi «fRiftc^ ( 

CJf’^f) j ®nz<m ^«fT a ^Jt>r "srtr^, ^stirt^ ^srfinR 
^rrPi?l c?f^, (Tff^ 1S^ ^ T-a^sr 

a^fe <2rarfii'^ i c?f^ ftfert ^rt^ i 

TOT a * 5111 ^ is[7^ «rlr^, 

sTt^i:;tttw«n c^? ^1 Ita ftc^ 

TO I 

a«(tT>rQ c^tiT ''STO^ •^rc'Wl, ?rf^5i-wl c^t^ 'qwh 

c^ft I c^-i ^ ^m, m) 

^fem:5:i arfiiFi 

I (Trr*r ^ ’5rf?n:w5{ 

^?r I 

'©^ "'Tt^ ^irs c^rr^t? ^imisri 

^.us sn I ■=sr5a^ Tftc^ ^’tf^pT 5[f%5i sf’im a^ft 

5 ’rrtps ^BWt^ ‘*fJPf ( ®T^-'WT^¥) «(TTf''Q 

5rf%5i a^ ^?^*\ I ^rf^ c^rt?. %sr if't?rl 

TO I c^iTt^ ^ (ffTf fe^ a^fe ^'la?! TO^«| 

Of'Q'^n ^?r I %g srf^ «f?:?i sn 1 

CTO?n 3^TO^ ^ '8 ^RSfi -sirsi 'Sff^lTO 

^fwi TO^ ; ''c^m ^C5T aTO5( f«pf 

^n I TOTl, h59[ a-sf*? ^9T Iftw I 

^TTOi 3^%^ ^Ta =n I <2risif^ ^rtf& 

c^ I TO?n csfRratf^ i w[t 







'srftCTST 5^rli^ ?t^ ^3j^ <tfz:?r =r( i 

TO W\^ ^f%C^C5R IR, ¥C^ ^SRI 

'8 ^trsTf'-'F <trN *«rrPF i fiF?rtrT^ f ^ i 

«3j^ Tl ’{tf^Rfei hssT »iRtc5?8 '5[%«rc^?r ^ ^1 

^ I "srrcw '®I^ (carbon^ 'S ¥t^t^^5T, . 
hsc^Ts 'sm:^ '5[^ 

t^, cq^ Tft^ I ^ti, b5?T Tl (Rirofe 
?rr^tc'^ "^fSTR 

f%f, w Ri Tr"*i 

'd^tH ‘5tjt^ ( wm^ ^t^--5l^'f^ ) I m ^t?rfi 

''trt^, «rc®Tc^ i 


lil^R 



^ TO?r ^- 

<MU^ 3Tf^iSlf>lRft^T5[^ TO I 

(gas jar) "il^fEf 

(RPRtfe *R ((?f^) -^TO-^tonr '^•^<i 
Tor ^'\'Q I W\m ^-'Ai 
^'^•1? W^«l'^I’SIC^iT'>TO <5(tf^l 
(rTO ‘sTO c»R ^sitfro, c^-5^rf^ 
C^T^n ft’ltfe 3K^ TO fTO'ts 


^R9ftc^5lRI Pff^-'^tMl WtTiR f?RF 

■’ 'St^I Otst, OTptR fefR »ltt5 C^ c^ 
C*f'8l1 TOJ I 

^firc^ TO ? *;p[^^Pi^ilt^ 'Q cTORtfe^ '^iTO 'q 
' ^ 1 ^ ' c gtc ^ ^ TO^ ^ ^s <2fi:^jc^^TO I 

’Ttf^ ^f%TO TO TO "=1%^ 





^sitm ’tw 

‘ '8rn:5 "^Tfiitir ^rrt^ (carbon ai- 

oxide) I (TTf^lTlI^ f^ll 

^fTa^r sir^j FtPr?! 5{tfw ^ I <?fRc^ fc*Ri w 3^5 
^t?i I gc®r^ ’ijt^ 

«2t^t^ »rt»n I '«wT?ts 

W® jf^c^ ^1 ^ I 

C^anil CfRrai «ftf^ I ’T^aPtaPF ^rtPf 

.'Sit’ll 3rc«fj ^?r 

'SPFtlf ^Vl?( I 

^S5t5rrt^i ^tai irr<ii ?ff«, cfffin:^ 

f^Ff-s?**! 3i^rai 'ii’^rtcsrs 

5|^3Fvg f^f§?|'| c^s[ I t<i?rfC5i'Q '«(p6fC'0rC*I?f fifeT''? 

’sit^ < 2 iTt?r 

I ^ 'S^ 

^s I 

C^ ^TO51 (crucible) ( 

ftar) ^ ?rrr«iii i^fiii;w® ^vn 

6^*11 ?t'9 I f%'55i:^ « 

Rffesi ^T?n55T sftPRI 

<j;:^ ¥5 ^RiT® ftfl, WtOT 155^^1 

pFf^ ^ c*r^ «rtr!R[ ^«t Rttora 

(?f«f) I ^ ^Ttf?i 





ftlSra ^tiifiT[ (>it«iTtT 

’ll ’fWVtl HTW) 5 ^ 

’iRrai wtt^ra Jic*!! «r*i fellrtc? I w’Btvtsr «tftit«R <?w 
^ Pnrtt?, "rtm ’ic’ii ^rlts i 

^ «rttw 5ic«n CT 'STt^’stH ’tR, %!, (TtRc^ >w:*i 

T «R»f'SRplfe'Site? I c!tc«j=? (Wtat^ ^nral ofRt^, 

^ ’Ufr ^ *Ri, «hPi& •ttc’f <• 

<eR»ti «Nf»r5^'iiCTH ^?ii^ cifftc® wtm ’ic«ij 
fein CT s[fejlr«i5f (?[ Rto 

’IW '»t*l?l \ 'stftlOT’f I 4^ «(f%OT5| 

'^'’Pra 5jTt»iwPniUsifl »iR^ RRrs ^ ’flirt 

*m<, ^’pw cflk?? flft® ■fl’f ism?i 

flt*! ’I#! flirK ^’Pre ^ 'swim ’rft's, ’F’Pts =fl flfm 

^flu ’ra ^11% flift^ <iH; <2tc«j^ CTO5^ in?pra 

fl?i RRiJi I 

^rWPtPrat’f '»iRic«fWfl Aft's ftfti^ a^ais a*!? 'aI’hi 
CWT aWCA AltfllAftstAW ft, (Pftsfl ’PS’liCT '8 CTtA- 

Atftc’pe ^rtflftfl ftsl "flfT <«A? etiPsj’F crost 'stfl « 

'AttAl'? flftsi <«f% I ftFAtsftlC’F AtA TO I 

ftA CAIto CAAIA Cfftt^ flft, %rl AtSJI 'Aftc C A IA fta 
^ AtfltAftA Atfl Aftsrtl flftA® AS I AtAtS OfA, C®rft 
AftSt? flfilAA A^AtA AAA '5t't9 flft Al, AftAtTa flft Al I 
■at^Att AftPl AAlCA IIa To ftPSl AA1 AtA Al I 

AlAlA AJIAWplAlA AACAA AA, ^ 'aACA ^ fltA I Alira 
CAA, CAlAl At*W aRbIA WA CAftt 1 AlA flTtt'ft TOAA 





^ ^1 'srftrcwCTi "1^, '9«r5! i 

fsm vi)^ c^ '«w5f. ^=rf%OTOT 'QW^f %*r»f TOi I fV? 

*11 ; 

^i1% ^5%r ^n I im ^ 5TO a ^rf- 

'Qf^ ^11, ^-mflir W^OTT TOT 

Tfir 1 ^ ^5^ 

^TtTifNr ’trr^ »jtwi ^tPw ^ 

<2Wsrreii 

(^) w^iT ‘^'TriT:^ ^i:^, ^wt?:^*i ?t'9 i 

m, f^'% 5rji''f?:5?fyr5t^[ ^*fr?i 'e^-=T ^tc®, 

'«^«i ? 

W 3if^^l «f?ri fern '*^f^^^FI 

c^«ft?r f 

(8) vil^ «2ri?fiT® ItT^I Ft^1 fesT, f-i^tfe 

y?r ^ ? 

(4) ^ T ^rt^ti:w5T T 



^ ^t^TsOT ^ ^rr'^t?:^ ^ 

C^tsrifi’U:^ ^l%?ffll csrcstta (Lavoisier) 

5F?rt^ bmf^ ^ «2tert^ ft«fhi*f 

I fefsT ^lfh*1 ^ ^<2t*?f?:sT (2mt«l 'TOR-— 

^ '^TOf 

< 

^ ^ I ^ ^s srtiT ^rri’tc^^tsi <ft^ c’tt^t^ 

TO-iti ^^<r cjf^ii c’R, -iTt’tcirf^nrrar '«to s* 

STR '8^51 I <ilt‘ ^ CTT’il 

1^ ? 'StH '5fifjT?ri 5frr"'(r*irwfOTr 

I ^‘Tr3i1%| 5[Jt^tC5T- 

%t5r 5T^ '8 nr^fft ?TOi^ ^ ^8 '8^ ^ 

'®rrc^ I ^jT^fertOTT c^r^ 
<tl^, "srf^ 15^ (?k ’Ifet*! 

m 'srr^'^ ^ 'm^ ^ tot i 

^'jq^ «m:^ I c^iTotta 

TO 5Rr-?pmrOTr 

c^c'otftc^W®1Rfew 
^ fet^ fsft ^<f ? rt^ R« 5 q m >8 







3iW ^8 c^fTstPCTs 

c?rft I ^ Tffwl ^ra?! 5 ^, 

^C5!S{ >si^K ^8 sn:^ 1%fi( f^?iltOT 
^ I (?^ TORI ^<2f^ h®tf^^ 

c^r«tftr?r f%otr^ ^-ferj- 

^fi C5t5itf?^fc^ I 

(retort) V^ 9 \ 

m frr. fm, 

^5T (fm c?f«f) I 



Tr?r^< w\^ -n-^ 

♦t^'sFm ^’T 

•ftoRr ^\nm 3ftRr!i1 
ffl[9ri ^'tir c*ic^ nnrcffir 

f^-SCillf 'SoT ^ 


*1T?TW ’PHI 


Vij^g C^5fWT^ ft?! 

I of^ c^^ ^"5^ mn =5F«rt 

’sfPnrsc^ I 3R-ft ^w[ <i%ti:*i c^ 

'QfcF ^rc^tj ^3Rrf ^'T®i i 

^[^5? c?f'8TO ^ wi c^i^, srr^ ^«rr^f^ 






sn c’PRtm sre«(T »ttw« 'srm fetosc? ^ i 
’Slt^rs CT^ C’M, ^ (?f ^1W5RI ^%r, 

^1 fjtf%?rl ’Ttti «W ^ <41^ 
'sprtMlw ’W?i 5IT? I >w vt<ir c»t srt^T 

’Ffwl i^pfig 

wi i of«ii c’W ^ <41^ "srift? ^ts% ’Wtf 

5?^D5tf <4R? ’pp’m •'tta 'BffiiOTc^ I «tft4m 

«rw c’M, >41^ ’trtfts <wr^ ft?t 'tta^ ssf^ral '^z i 

^1?lfl9 »Wt<fi6 WfCTt I >41^ *lft'!?t?[ CTCStfttS- 
<2W*i ’fftcsR, ^s[li5 »tirr<f fwi <i&5, lii^fec* «55f®r5 
w ’(rt, 'si»t?ift!:^ w ^la'^rc^ ^ i i2i'*t=if5 
^ >4PR firfi^iie '^n:^ i 

'sil^ill (?ff«fW ntt ’Ttt’I f '*I?»t '4R? 

i '*l?*t 'Slfircaf^ 1 ■41^ 'stft'S ’Fcwft 

*t«ft< JTW® »tf^*t ^T(|?f?f3 Ww 'srtc^ I 

■415?® »jtC3r ^‘RI WSi 31^ »1tI3ra tf®i3l ’fOPFff't ^Itf^nn 
Tt'S I otRCT p'Rt SfOTt ®»Rt ^1 ns *riwtci I ntf^ 

nt«,nil ntm^ralsT ♦wt^'sfn nf%-'«'?l 

I ®5ts nm (calcium carbonate) ! 

«rcci '®1^15Tir W*1 (carbon di-oxide) Pi"l1^C®1 
^ I ^ C^, TO?r C^ ^1 51^ 

^ mMfi ’ijtiTO m I c^^n ^ ^tit^ f 

m <2£Wtw ^rg 





I ft?in f^tir 

«2RTfro 1^ (7r«ii7:=^ ^ 'si^rt^tK i 

Vijt^ ^srw^ ^?T ?5<^f^D9 'srr^Tr 's ^*ral 

‘ill ‘strt^ ‘-<lt% ^F%1 fri 
v£i^c^ ^DtOT ^^*1 ’iwtran^ f 

^sftwl llf*(^ ^sr Tft 'Q 5 ft^ ^rrc3Rr 

'ERF^ttT ^ ^ I ^’I17?I''8 'Q 'SUft^ 

"4m f^F-fr®r? i f?ifer c^, ^ 

T5f9miw *4m WHr^'S, 'sitnh^ 

^T\jm c^i^ ^h c'f^n ^ ^; f^t?r ^^t*! i 

^?i ? 

^tsnri <2n'r<rr?n:*f^ w (?r5t 
< 5t^*l ^‘ft, ^^"51 «2rff^ "st^tOT ^ 

T^’fus 'sfsrr’iti ’trt^ 5t^*i to ; ^?:3itr^^ 

fespOT W (carbon)^ ^Wl, "^JtlTl^ 

^ f«p^f:?ii (M I *'iriun 

^ ^ I 

I f^t^far ^ifr, ^P3^ <21^ 
^F9rt*f?f ^*5 ^ tW? m ^rtups Wncsn^ i 

ai^© ?rtr»T 51^ ?rtPl^ ^fe[ f*PF^ WSTi TT'^l'? 

fwin SI'S 5 ai’sfsj =rt^r ^cw c*?r^i ^r^s i 

c?Pm mrar r»ff*f?rf¥^ ^ ^%i i 

^r^TT i 

(£rsrf«i nm (?r, ^P5 ^#j?[ Tr'^3 



Pi® b>H I 

^ c?«ti f^rntr^ <21^ ^^f'sc^T^ 


’srtwf *•• 

'®Tf%C' 6 rCMil „ ••• ^•■'bo 

’irtr^ „ — ‘•8 

^t!i% „ ••* 


'51^'ar ^ ^ I 

ji’iTiiir w I 'sfc^ 3i« 

^zw, til ^^6 Pi^f I ^ Prf^ 

Prcw^ few?[ hftfe" wt?i ^rfPRn ^stf%l cwftc^c^ i 

c’^ fe ^ Ptoit ^'*'ii^ i 

ilKpP'fefil^ fe-^'t’t to, 

^im 'Q ^fto^T ^ TPr (>»» ^?r f^ c?^) i c^i^- 
Pt^ ciFtofe ^rr^si^ v£i?F t2tTf?i 5it?i ^t«rr^«t^ 

<iit 'JtTl^ 'St^ ^1 ^ I cnfW^t^ cFtr<i§ 

^■fwi, ajjtvrtop (manganese 

ili-<^\iae) 5ltw vii'i^lg Pp^ I ‘ilt 

^fl^t^rW (tost-tnbe) ii|^ 

^ <i^t'8 »ii^? 3n:<fj thFi '^FtTOi ^tt^, 

^TOTi <2rr« ^rtiar ?rr^i ^trf^r 

^t^«rr?l (bitrner) ^ HPfe Tt^ 

I c?to wc^ 5[<fj p?n 'srftosi ^ ^ti3i ^tfe 
3^tc^ I 131? fefk^ ^ ^trPi ^ 





iprfw-f5iini 




^ I '8 wtm 

pi ^fei 'srrftr^i ‘ii^'-i wt^ 

cfefesni I vii^tr^ ^?Frwfe ^ '5if%i:^ 

’Utc^ ^ ^ I 

^jtOTi cP5i srr^, c^ ’m ^ 'Ti? 3rt^ 


t2rr?r3^^5n I 


^\^u{ ^firn f%^ 

ThQ a (71^ 

Tfllfe -^Ff^ 


^r^-’FUsn ^a'sM 
^f5»1 



WK^ '5c«i?r 

^\fm ^rcsfj ipii 1 c^f’ic^ 
^lllte 'ttsrstn I 

^1 (2r^fins w '^rffiC'ifiT '4rlm 
w 

■STC^ ( f&3|' (Tf^I) i 




f|3r^ ^ i 

«ii^^ cst^i^rl w\^ I ^trsi ^rt?r 

-]r«fT ^irf'^tiTifeit!!, ^1 ^ 

(i)^? wtr^^ sn:*fT 

5rr^»tc^ i 

* ’IJW ^rf R .'^CT ^ ^*f?l^, ''fWiflST ^ ^twf}5T I 

^-51 ^ ?n 1 ^ ^irt^ 





’TCH ^ I ^feStwW'ii 

0 

^ ^ TiiR5T ^ f%il 

'am;^t5=rl I 

Tfi ^ 'TOi ’trt^ 'st^ri 

?jf5nrt% I ♦tflvl-*!CT ^ 

’ll ^ c*r'«iri 

^5i^ft?!t^ ’tm ^ ’ifKi-^CT 

5*11 ^ ^s 5«i 

^1 c«t^ I 5*1 ^w, 

-stri^i «rrc^ i 

■V 

**iff^’tt^?i ’tjt^ <21^ I 

SRrft f%l srf^^T 





ai 


^rarmi ’iTt’T 

srt15fc®cf « ^t«t*r ^«(!f Y'lr 


srtc^^ 

4f>f¥ c*r^ui 

^1 ^ I 'iPFfe 5^1 5^ f^fifl vi|5^fe 5IFtC««?f 

(thistle funnel) «W« I i ^TCSfCM C¥1 C^t^SOTl "*1'f 








TO I ^*Rr ^ ^tCRi 5R *prha i <iit^f5 »f f wc»ra 

vnfjrfsf® ^fesitjPiniT >flf^ irw i orfsic't to to 

• 

^ ^tc^, 'st^i fwi ^ifer I ^ 

^ ^ ^ c&ftOTi (TiW ^feri ^Pita 

5tjt7f 5[c«fj (2CT*f ^?it^?rl ft's (fi^ ) I 
f^^*\ ^ 5Sfr?f 'STTt^ITir ^rfC^ ^*1 I ^tjp\ ^ 

I sicsg ^«?|';^ s^s^fe (2rm 

^tr?r f?r-^ srtrsmi ’trf^i 

^Pnd mi 

"51^?^ •SIJW ^«rfi5T'« «il^? f?F^ 

^ ^\ C«t^l <?\\^\ ■4ftl5|T&:i <7IT®1 

'^/f^^tsrrsf ^%: ‘4Tt^ ^ics 

'^U\ I "STf^ 5t^ <20t?:’t, ‘4JTn 'srr^^ ’-Tt^m 

I c^t^w ^5 ’jf^m^rrsT i^t^ ^f^nri ^t^j^t^i, 
-m c^tr^ I 

cm^^ #ir5 c^ -im 

^fircsT -sif^smaH 

e??T ^ I iiirsiCT ^icsr 

^f«IC^, >Tf^ ^ 4 q ^^t3ft?I ®C5f 

^3^ ^®rrTr?r TO?nr ^ '=i?»f^ wott 

^\ ^7^® (.-^31 ^feSR'® C«f'<n TO I 

^CTO ^Sft<f ^ 

1 



fialK-'TOntOTl 


'ippt ^‘RT «f5i «fRt '*prRrti ’fjtt^Ri 5rc«tj 

i>t®r I cTf«iCT ^'Rt ^ «rc®Rr jt® »rRri i 

’iCT 'atPlc^, 'surRitir <ijtPRi ftc*H *t?N 'Jr; >41^ *lflRl 
^ 'SRrtSf ’ITRI ^^RRF ^«RF ^ ’Tt® I 

i«FFte CTRRtfe 'srfsit^si (ftmftg (?fst) ^nrRrtF 
’irRi‘3< ’trRi ^Rt Rffet PwRt fe’iK ^ffiRH *Rt i c«f15ttR 
Rtf% ’I'ttcR I i2Rrr«i ^ (?[ 'mrRHs ^5®ra 
’ft? I 



«nrfirts vtOT 4W^ iRRRtfej iitRi mnnr ’iw «nrtirfs 

Pmi PiRnn cvi ’irr>i Ptwi 

'srRt sitPt ■niRi «rtr®5 ^c’Ri '=wRrta<3< win 
wts «Rt (^ncnn fra wn) liR? f^w*i »nRf iS? «rtft 
<ijRT WRRRt ncnr pnn ww nlfw «flw 5 cffto p«Ri ww 
nw f’tntc^ I wwimn »tjRi %i m, wifiB 

fw*:*tT f^sn wwinra Mrftnn win nff® nnmwwi 
OTfntsi, (RPH ii=f JTRi ww wnn Jrtcn g t fii^ ^ cn^wtsn 


Ft^n w I 

’fri’i w ’jf^ 

«c?i?r aRt’t^ i ^rr^ ^<rita 

fk% f¥i ^f*n5 I 


^MTirtfrl 

(^) 5 ftv<iTcai f^Pf ^^cirfinitir <j^r?rai, *maRr 15 ^ ^fijin 

*fiarf5 w ^it:^ *ni ««rir ^1 ^^8r, 

♦tttara’s^ *i13i1i» '««R ’Wl J cvt«f c’Piaj 'Q^rcsry 

*ttlr«i^ ^ c^t5[ sri, ?|fRM t5ral *ff'e» 

(^) flfTR jrf^rRr*!® ^swc*i «W5 ^ ? («) 

«pRr ’irR cw-sul ^ *itNl ^nii f^RK-n % ^fircn c^frIPc^ 
c^ts(i5ra c^srtSws ?pr^ic «rt':f ? (•) 

Fti^-w-sri^iij ?t7tw?r «R ? ^1 c»i ^*3 'src^wi «tf?r f^ip:^ «2r*rj*i ^pfiri7[ ? 


« Bfn 

^ c^Rn 51TI (<i^ ’jltu fea) sierra (a^) 

^«rj f^i c^it^ atfifai va^ <4^ nfl:? 

^Tt’rfei jft'e I <& c^afe»F sRRia fejf ^tcBR ■ 

5RI TtCFa srm eit^ ITTcaRl 

W^rcar <2irH *rt«i c*rta%^H 5 t?:?r ^*Rr 





fesr ^ «rt^ 

’tra W m I c^Pctst ^ fern^i^ 

U'urnace) ^fwl ^n ^1 «il^ 5^ 

(«() ^ 51^51 «2rs5f%^ ft’f 

<lfil«n5 1 ^ (steam) ^Tm TK*fJ 

^ta «f5i^tai t 

"srt^f n\f^^ ^n—(steam) ^f%C^?OT 



w[fk^ <2i^t^i I 

■-^fil<l? «fsr (15) fe<jj5 

^?1 I c?f^, m er^t^ ¥t{^ ^ ’tjt^ wtc?[ I 

’iTtr^ 5rc<rr v£i^ «r^r^ ^ ^ i 

?tjtj[ ^fin:^ vrTRFc^ i ^iP^ ^^Sftw«f 5 
mx «PST ^ I 

Twr^ ^ ^ f^fe, (?rt^c»i 1%^ ^n 
iSi^x «il^ vfl^fe •TO «!»I ¥tCiW 





srar *rf^ i 

c^ c^m:m '^^r tot «ii^ tstc^ cn^r '^4 

(fe? m) I ^Ftc^nr^ra ^ %i -^ei ^51 



^*1? ’Tt»rft^f?r^ «flf5i^ c^’e?i 


^fen W5T ^TirfiF^fiav m '« tw 
^te <ttc3Rr arc^fi i c^rP^^, sr^ir 

’fit^ '®rff^ ’F® I ^trtn 

WhJ (Tl^C^ ‘itJtCJI^ C^ TfiST 

^*359 ^F%l I ^ m?r ’tiw ftir 

wH i^D5 sTtfwi ^srrf%c^ I «rr?r®f% ‘Jtrfr^r nff ^irti:*nr 
f??rl W9T =^^'9 1 

wtOT an:^ «2r^^ Tt® c*ff^<2r^rfiT^ 

ft’frfi ftfwi ^rr^, f^ ^ ^rrf^ i i5c^ 
Tfi, wn ^ ar^, ^ ^ wt^ 

5rr^&rw^ Ti ’«wfanr ’fitc^r ot^t ^c^cir^ 

^ I ^ f^OTT I 'flt ‘strf»ite ? 

^ ft^^ftwH WTi tfi^ if^, cnt^ 

^DT^n^rf^nit^ 3T^ ^rfk»T, ^ I 







^^8 ^ ^rwsr ^rrarnr 

^ ^x ^ c^, i5i^c§r^^ ‘stjiTTf 

^itsps ’trt^ jf3|^ 

^’Tt??'«rt%r^ TO^RT ^ 

c^H 'Q PiPi'^ ^^^1 ^nr i "^rfips 

^'1^5 ti^ ^rt^ ^ (^rWKf^ 

ftiRTt? ^«i) I ^ 9ijtOT[ 

viT® c^, (P\t c^ >Q 

^\w <rf^ ^ TOert ^ I 

vfj^fsr nr®' c^t®^ (c^rt^ c^t^ T^jc^ ^ ^) ^- 



. fttel^ «!f^^caR ^: i 'ij'sjntrs Tf3i^ PWr 

«nrm, c«m^ ^ ^ 

.^•mi *yf ^ I vipR c^mm ^ %l, m 

c®t^ otwTir ^ PwsT 

(fe<w?r ffcsr <?f^) c«rit?r w i ^%5tc«R 






^ w ^ v£R^ 

f¥| ^5r« ^ ^srt*! ^ ’Ttsrtw a ^t?i 

I 


W^ 

'®it^rtOT ^ w, ^r^re 

(?^^ I ^srwm | ^<»r ^ i 

<£M^'«rf5[tf^^ srfsn Tftsi I 

^ 

^ feci I cTT^^fT bnc^ <2r«tc^ c^ic^ 

CSR ^ ?R ^rtfe 

#c^ fw ^?ri *1^ fe<^^^twc5T^ fe^wtt ^ vfi^? ^arrum 
’f«rl Tc^ I OT c^ #«rr^ii srtcar, ^r-sf artfg 

c*rm*i 5itfe?r fe5i^ finri «2Rtft'5^- 

5(flC^ ^<:r< TOTI 5l?Rft ^C^T^ 

C'-StC^T I (TT ^?»f artfe^ ftc^ Ff^ ^?r, ^1 artfel 

C^ TOT a^t<rl ’tt^, (2taTO«R[ 

<nrf^ ®5ct c?^ m i c^ ^ ’itfe, 

^ann <2^^^ ^1r?I ^flfe (TI art^l fe’ttc^ ’Itfe, ^5W?l 
aic^a ^^’»Fl I isfl^ ’Q 

®t?t< srr^ ^c^ffe 5 c^5 ^ 

I 'sumrm w #?r mm ^nt^ 

.Pfs ®ifiiaric®i m <»rtc^ I ^ ’fitn ^ a^?f^ 

artft, -qtPr, < 2 t^, ’^iffearrfg >8 tsrroi?! fe^ %i ^rtfec^ 





siftrs *(P9 viw <!re»Rt »ri^ ^ «?!% 
sifts ’Fci I (?ifsra ’a;»fli% «sifts 

spi .iTS sflarl ss I siff ai^ ifsiHcss stots 

'STSIStsi SSSfl I 'Sltsts SfC»I 'Stst^ S« 3IS SS Sf»ISl, 

^f1Ssi srtsr ♦wt<« sifi^ SK»T fiPlsl stcri ^s iswfe fsc«is-‘ 
'5tCS»ITJSF%fslf^<4^CS, CSSfWft si >ltCs(%-«WS SCT 
!9S ss sd, «wtsts %ls sws sis ftes firs 3 r 

ss I iafsii:*t «f®i«'siwtsis ’trttss ststcsi sdSs »tws 

•V 

ftcs ftat ars ssfjtis fss^ *tfss^ sffsro? I ' 

sfi?stfB SI strtsics ^!:s%« si?T c»*rf*rat*J i 

•rc»i fsl 3S sinsi 'siTtsta ’ijftss src»i 

a»s SSI cs»rfssts sKwS s^ ^*ls ais sst^rs 

(Calcium bi-carbonate) I 

fvs >«i^ SF*! '®nrtsm ’tm stf^ sfsi sis, 'swi® 

*PI S^C^ ’IjlSlS sTtSI 'SJtHJ CSsrfsiStS Sls"Wi5 (Caleiuui carbo¬ 
nate) 7«ts ss I csissi ss^ OTi^ sifscs, ^sts sr*i 
f'i'sttrs fsc»i, *ttias '5»rts ^css sre <4s atsis ’isTf^ wftsl 
sni~><^ s^ c4*iPi«|j| ^slfcsife I *fsr ^^ttsts ’jts 
^ cssrfssts st^- sHc»it» 'stsfts «ft»r sft^ % i 

fifawW?! «f*^, «r»I « 

(Siaiscss wi»i csisniw stssts ss»il stcr sn . siss stfes 
fsf^ sress ssT fssi stasis sss sp»t ^isrl s^psf sfsara 
stsl^tfll «R?I srtJiffts stsfis *IST<« s6s| sstf 



^SPltlR-fW 


^ I 'sprt^m ^m, (Trrfwr^r 

c^f^sffrpsrm (2rff% srwft^ <£mc«Rj 

<«rti:^ i c^ c^ <2i3TO*m (3#frf5r 'er^ft? 

(Badio-active substances) I 

^cs7 ^ ^gr, ^ 3T?R «?ST, ?rk >8 ^ 

^ § wft I 

«2mc*f^ ^ sTRt^r <rrc^, ^ 

«ffir8r W (mineral water) I 

^ c^ f feirni 9i*-i*i, c^ffeirfai ^- 

'Q c'^twnf 5[C^ c^ 

ITT viR? FT<t t2fnrn:’f ^srotir ^iT^ ^ ;f ? i ^ 

^ I mtm ’trR 3f^t^ 

vfit ^rf}?r i ^ ^ w*! (aerated water) I 

(?rf^ cRt^^T w f^ui^ Ff’i »2tc5tr’t 

wzs\ m CRpn i m 

^<fT ^srfinF» 'TOi^ »R«rt^ 

’HOT '=l?f’lCRT^ I 3TTgp5^ m ^C®!, 

«rf^ ^ ’HfTflf ’3’HF C¥r®lC® 

I 'srtRt^ m ’W^ "oifipF ^tait? •rwii to, 

TO ®I^[j:3R TOHl OT C^ «il^® 5lftrs 

« 

«if«?n «ic»fn Jiita OT'ssi ’m«f "Trti "w w®t cmr 

'siCT^'stnt^ ^ttsi I 



V08 




'S (Hard and Soft Water) 

c^sri -^y cs\^ ^ i ^ 

(?pt5T ^ ‘2i^r«r?j ^Wsi ^ftr^r toiw (?ri 
^ sn I a (7Ri ^ sri, 

^(8«i (hard water) «rc«1 

^pfesT (TRi 'SWC^ C^t*I®( W9| (soft water) ^ I 

c^tftf^ ^ "sjrnrti 

^itc^ ^ ^%3rrte ^ w:^ ^ i 

>rtr^% ^ 5 (71^^ 

^trtOT( ^Tt^tr^J '=ri£^ ^Ut^lHpl^ltai (Magnesium 

carbonate) ^TtW <1?r«^,^r5T m 
(Magnesium bi-carbonate) '^C«1 ^Tt^I I 

?rTT^ti7#Rft^ '®rwTsr W9 

^ >9 <2mr«t^ ^’Ti— 

(Calcium Sulpliate), 

CSFt^t^® (Calcium chloride) <2Pffe I Wl^ ^iWsT ^ 

(7Rl ^ ^ ^ 

art<5t?f I 'Q 

ftRi^ ^rf^ ^•’355* 

tSfTt^'Br:9l^ TO 3 TOT (7T, TOT?[ sir^TT 

TOt^T ^ttfros sri I TOtOT "siit^ 

^ I TO TOt^ 

^ sri ^rf^, (7H1 fro^t ? 



iPTrtsi-f^ 


C*f%5 'I? ^ gC*Rl 

.w <2W^ I ^ ^ 

C^Pl^fsr ^ I ^sp^tl ’tJtOTT 

^^-^Kc*l& (bi-oarbonate of calcium and bi-carbonate 

of magnesium) WC^ ’tPml I ’tJt^ 

cq^ TKw6?IiC^ ^ 1^^ 

9^9^ I vfl9|5f ^ ^fe*T, "Sft^ 

5fl I C^qf%r3[ ^ aiJt^itCslf^TO ^t^-TKC5lS WZ^ 
^ft?n *?tri%C5I, ^ ^C5f Jf^ C?R1 ^ ^(1 ; ^ ^fet^CSf 

'fes5 ^5! ^C? 5 ^ 

^TNT^ '^r?! ^fesf, (?tI WZ^ C5R1 1?^ ( ^ 

(TT W^ 1^, ym^ (?Ft5f^ I 

^ ^?rl ’^tfl’ 

(temporary hardness) I Tt?l*l 

c^5!f%fsr ^rtTOs'^, 5rfT^*Tf^f5i ^ 

c^fwr^r c3Pt?rr^ ^pFc»r, mzm ^tfkr ww ^ wl 

^ I ^5rl ^ Ttft (permanent hardness) 1 

^ I C^f^?rf3f ^t5CT& c4«l[^t^ 

Tpmrf^^ ^c^, ^srff^ ^S^r wc^ ^^rr^r ^feri 

^ I isr-i^ ^ <2ffeit^ (?m5T ^ I 

(TT ^ C^Fl^ 

. i'm\ I ^5f c<flF5 Tfrt 



^ 5 ^1 ’^r^RT ufl^ fe*lW5T I c^jjtsnn "srt^ 

^i^ci&tc«r-« ^np\ ^Mf^c«»i, ^ ^ ^ftCT^sRT 

^81%^ I f% ^?5«Tn7® WZ^ ^stTsT ^arr^, ®tl^ 

I 

W *ptwc^ 5TT:5Rr (?pft[C''^ 



^<(j ^ Tferl 

5t^fe ?rTft5TtCT^ ^ «2tr^»f i ?rt65rrOT ^ 

!5'te?( ^fe ®tsrt^ ®tr?ra. 

(Tit^ ^F%5 ^ %r <it^t?[ TO 

fiw carm ’IWt?! ^ TfiCT I TO^TfSjSt^r 

«ITO^ (ffear w) I 

<2iTO^firal TOul^fi 

ai<u fwl R«1 an I (?T^TO «n:^ t ^ 



^ilfesrtm W 

^ ♦tfi'^-STST ^fWl W'3 I ^ 

^nnr '®t?r ^jt^ t 1 r cell > 

•rftrt^^CTv (+) ^ ^ 1 

c»rf^ ^ ’Tc^i^ <2ra^ mSsitOT ^trran ’ftr?! ’irf^ f*nfr 
^Ikl ^ftv}-5TC^ wfilC^C^ \ f^s^*! 

'5t^t^ Ff%^?r «2ic'®j^ f^FII fVil ‘^ut^ 

I* f%l tSTTsT^ ^t^n55r ’fsrtST ^ I 

I ^rf^ 'srt^ c^fH, ^ ^T^c^tcwsr 
«ii^? tt^t^ 'srm^ ¥31, ^ffTc^i? I cjf'-il c^'m, ’sf’yR?? 

(Electrolysis) ¥fe?I, i^Its ^ ’TTt^ 

^ti|C§tC«r51 <iR? I '3lt?l'8 C'f’^ 

cm, i «ii®R <2W 

^WUK, ^ 'srtpRTfrf, 311 (71 4^5 

c^r's?n ^1 «2mn 

¥^i ntni c^, 43!® ®Fc^ (?!«iri ¥^?rr%, ®t¥t?r 

jprg^ 'STfC^ ; ^ ^ 5rr^ 1 

^ ¥W ^Pu TOT, 'ii^^rtar i 

(^) fm’i «Rr5¥¥l ^ 

¥?n ^ <r^ ’bpott ‘4¥6 fenmsi, ‘2l¥r‘l 
¥fiR71 f 

'(^) ^sTt^m «2t4^^tnf¥ft ^ *fr^ ¥rft> 

c¥t3((?¥r3(^»i ftm 3i^«n ¥ii7P ^ I 







(o) ^ f c^ ^ <gt^ ^t ^lC’S^n 

'Q > '=rf%c«R, f¥ (2l3rr*i ? 

(8) ^ ’fjt^ 3K ^C5T, 3lW3r(2t^ ^ 

<^tc^i—^3^ ^*11%? ^itc ^m ^pfen, ^^ 

(4) 3rti^<2f^ c^t!^ sfrfTf 

^ ? (TT^ ’trt^ ^srtc^ f% ? p«nT wc®f (Tt^ ^jt^ 
m ^fesT Pp ^ ? 


c?srf^ «?rw?5^^ ♦rf^'55*t; c^f^ 

(Physical and Chemical Change ; 
Chemical Compound) 

^■5^ -^fe^r sm ^5rw?r <?i c^iV (?r^ 

%^5T 'a =rtt— 

W«f, ^ c^t^rSc® sitan ^3f, c=?pt=(fe^ c^Pr i 

^»F Of?f, sTtWl 5 

^ ’^51 ^p[«r^ f?c9r ^srr^ «rt^«i toi i 

^5T <?\t 'BCT ^ ^ i 

^t|C5TC«R ^ ^51%^ ^sitC^. ^nrsTS ^ liR? 'Stt i ^ 





"srfanrl a c'rRf:^ ^ ^ 

(?rf*f fei 'STwi «2rt^ wm 

vfi^^ c^iky^ c9i1i^'Q »t% <2rt*^ 

^ I oqsjirisrQ c^rkic^ (TFti^ sri 5 ^ ^ 

'Q fefls^T «rti:^ i!i^? ^cf^ c^ 9rf«^^ 5 ^ 1 1 

fw, ^Ic^'OR ^ 

=Tii3r '-^ c^rt^ ifii, ^tfeff% c2fw^ wl ^ I 
‘il^ c^ft^ ^RI¥« srt^i 

'Q ^ '13*']^ 5f%1 ^VS 

I cvff^?:^, ^ c2fhc^^ vs^? ^r?[ 

I ^f?^s\^ ^n:«(Tc®tV wrc^ ^?j, c^ftr >8 
f^' -il^t ^ ^ ^ 5^1 ^ 

Tt^tfirs ^1 ^-^Cs «2f^ ^?n ^ =n STf^FlTT 

fe^, ^ I "5?:^^ 

3lfil5l <Rrr^ ’T?! C®f[R^ ^^^ C*( 

'^'ft'®*! 5f%t^ -IS^fNS*! ^TIF1 'Sicsf^F <J»f^ I »?^?|t^ 

C8Tt^ cat Tsri^sj^f^ I 

c^f’^f »iiT ^T'<3^ fein 

Tf3f ^ I wk^ f^5i ^8?ri 

^ f% ? ^rl I *ffiir«?i ^t^«r ^ ^’tw 

5Tt, <tSf*r5 ^ I C^Tl^ 

» 



ftwpI-'SIIWiMl 


> 8 < 


(?irt ’ll?, %5*i ^lS*r 

«mi «tf?t ?? I c’li’wif^ ^ 

•ttw sfi, '=wnit5i ’trt^ ^ ^ 

WW’rmi i£Wsi cvm wtrara *if^^ ft€t? 

CTC5 CTtcsra ^itsrsfw—Tfii*i *ra (?rrs[ c»t 

'SR^i i2tf« if^c5, 'sTO csrftsra "spiTts tvam 

C?’?( W^, ^ttc^trWST 'Q ^f%lC«rH ^ I 

'« fer«i'« w ^ I 

fifc^, ^ ^T%1 'e ^5ri%TO5( 

I ^vwus ^fsj^sfiPF 

wc^ <rt, 'Q ^ 

I 

'ar©^? c^ c^tsT ti 

'9 (Tit TO, '««rN«) 

TR[, TO^tffsT^ (cbeniicttl change) I 

c^ '"pRr^ (R '©«ft'QC«R f^c»R 

^ Sfl, cJR? a 

<3pR (srr^ TO ^rlfw^ ^ ^fir^«r 

(physical change) t 

^iRtbi «Rii, 's ^arfro?? to 

^Ti f^TlW ^srfipgi ^5(9^ ^f^s • 

^mmRRf ^ I »N5*C3ftTO TO^, ^ 

^9PTO TO 'Q TOT TO—^1?tC^Rl ^tfTO ^ 

c^f%^ ^tfrocsR 7^ 1 



iPItm-ftrl iSi 

filar '9 •rt<^ 

C9ft?j<'8 'Wj filers ONI ^c^— 

(’T) fifirs *wtc<^5 c»il^ «’WCTfl ’it<?i i 

W (?i9i (Lens) %l fin» *wffS?t sn:«n' cwl cfik^ 

'9'?1« '«'5i *tt«tt*itft ’srtt? I 

(’I) fe»Ri jjpF »»rf c»ir^ picT ^lln 
^itfSia ifla? ’WT to 'ttfto I 

(^) .<1^ fe ♦m<f ?if«rai,’Tfipi ®t^->it«i 

•’Pt^ ( carbon di-sulphido ) JTt’PP '51I»I ’W^ f??l1 srt%»r, 
55^®! <wtt<f 3^ sn ><r; 

lito ’fSI I 

(«) 4^ »tfffi-siCT (?i^ fSfl <wt< %irtra «prf»ifsi« 
^1^cs!fU#lR^ lafjfs toi, rt^tjtcsR ®trfi 
ara cWt? ’ift® W»rai ^tto, ^!»rr!i «tf%in 

«ttfto I 

cst^ «ft*t 59T "sit^ TOi, '*(1^ 

’Fc? sn, '5t^-»it»i»ft^r5 ’Hw c»it? sit 4^? 

srfestOFtfiw lato c»ft^ toi, ^l^tsftwst ^^♦tii ?? «c»ir^ 

><lto ^WCSRT C^st IPJ sit I lilCTOt 

Offi(C®I, c»ftif« ftatM iStrsT^ fsw fw «l< 

si^irtsi'srtt? I 

fel *l<ftc<f <SK«J^ ^wrcsw IfPiS ♦ifto'si sfl, -ll^ 
'"I’fiifS TW ’Flu sitii on? 0} »(^ i#*tt?tsi c^ CTW 

I 

'«i?«iira ftPw •nftoi *iitT I 





^8^ 

'9 3rc^ 

(chemical union) (?Ttf^ iStC^T^ 

^ ^«rr^ =il I 

>8 c^ik^ f^ia ^f<fte ^’sfl-5CT ^1 ^ 

^ 5 ^ I 

(^) c?^n 

^ c3Th? >3 ^’sr ^iWrrf% ^ i 

(tf) C5|^ (Lens) ^iWc:^ 

srr^ ; I 

(5f) ^ ^t?l1 €¥^‘ 1 ^ ^srh^sl sn I 

(^) ^sf '5t^-5rt^«pt^c^ ‘51^ ;f*r sn i 

(«) ^ %5t, ^ 

i ^T?ift?r 

fwi c^ff’^i:^, ^fftc<i f^mci I 

^iCTcsr ’=rr?r csrt^ >q fef«i 

wr?r c®rt^ 'q ’Wf W^ 

^t^, csit^ ^ ^ srrt 'fl^N ^ 

l[f^, c^V*^ 

w«f ^ ^rii 

^C^tfW ^ (TTtf^T ^?r< 9fk»Rl TOT, 

'tfipTSiT I ^ ^591 'sir^ii^ 3 to, 'sr^ ^srfwc^FCSRi 

farPr® ^ vj:¥ 





> 8 « 

I ’Ut®t ' a i faiwmi f5lf®l« 

flr»i ^ ®iwj, «tfrf I 

■ ^iiir9iaT’i«n'8?w^tf^ CT, 

'«f^>4PF xrtCT'i ’jfStftr® =ttHi ^»iTra 

«F®t ♦tt^ «rrf^ 5 ^iff < 1 ^ «F»r ’ifw 791 ^ 'sc^ w^n 

’T^C^j Salt's '8 '^f%Wt®Rt '®(l«'90»(l( 

: KI >9^ 'si^*ttC5?t c^ »tf5^ srt I ’tf? ^Pi ^ta'iws 

^t^c5tw5i '3 'srf^cflH ’ijTn^tc® «m <2i«® 

f 

.■iM 'srfci I c®i^*t ’itl'Ti Ttal sWt ’if^ 

c®ft^ >3 c<rtf^ »t'ftc<c«ftif« •»: s 'sf^'ttro W®re 

I 

>9’P1 ’WK, f% fiw'^ift'f, 4 ft’O 

5’'9? 5F*fl I 

otf’W »tirti:<f^^ fe^ttfPrefsi <iRf "ttc^F 

Pm, > 9 ^ f^st nrit< ^’tt'fKsf^ a crPt •5i?»ttr® 
'«f^*tlT5l 3^fiiwpra 

(TTt^fJlf&StCT Ciffslt'-S C^m i9Sf^—^ ’Ffe®! (TPtt 
’fpi, TPi ^ ’tTtt®ra 'sraE’tim siw® 

'TPPF I '5rRt?l ^ 95 ; 'air«OTr*M « !TfeJiWCT9 '®IOT*F^ 
irwwftt I «9^ ^iB ^iiti®i?i oft^ ’Ri 5rt^, 9t??r8 ®Ri ^ 1 
'9ftrOTCT ®?t®I, 5|ttcStC«ft51 

’R:®r ^ j 1%95 9tip® <s> Tt^ ®rt9t9*r®tC9 Rt®I I '®rt9tif 
9tfji ^»tw®raf^ ^ ®PK®f^ ^’PF ^ ’tt91 ’^tv if9n3 
' ■'Itftw, 9tl^<99^ fe »nt<^ I 



(>) Ttirtc^ ^ 3i%5 

f¥ ? ft?ri ^prr^ ?f^ I 

(^) ^9T 

^sprr*!<Tt? ? 

(>!)) fflt?lP{^ f% ? 

(8) ?rt»rtflf^ '« 

^fe^tC5, ^1 

?r9 :— 

W ffePl Wl K^ I 

(^) «8f9!c^ bif^r (STstr:^ i 

(5f) n^^, *n:^ ^ <rr^«i 

(^) fwl ^pRTl fwl CSf^l C’t5!, 
sfr^r 9r%tr? i 
{%) (7TTfeBt5r ^if 'BCT c'rs^ ^ I 
<5) gc«nj ^?rrir (?qt’T wi i 



'S (Planets and Stars) 


ctff^'c^, f■tt’n ^irlrie r 

—c^ fsii^ ftfe ^3;^rt i 

'®r5j^ irr=T i cst^rt^ cs-^ ’/5 c^f»f 

cMi:*RT ^T^i:=i I ^ '^fm ^?r, <y{Uz^, 

I ^wyiy 

3Tt5T, 'sit^Tt’il vfiTl^tr-sJ ^1«fl I 

(Tf’jf, f5ri%i /?F ^rt^n 

I ^g^r?C^ . f^pT^T! 

cii^taf t£|5F h?rf^ ^^511 I '5tTr^«^ 

c*ft*ic5T, ^ ^ 'srtcsrf^f^*?: f^fwl ■srwcM^r 
<2rt^ <2rr5 “sitf-s vii^-ft ^Tt^n ^flrati:^ i 

cnc’rr^ (Galaxy) I 

c^ ’spi^^j ’gr CT t^*^, ^^1ir*r5 «fc''T am 

^^l*^—(^) ^'« (^) iC^Rl I ii^oaf'^m 

^1 ^?:5fi--f^ al^9fc«m -^rc^ «r5^9i i 







til’® c'smi (TiT^ ^fii ’tfw m 

^ ^ 5(11 mjk <«r?rrc^5{ i ^?ri 

’tPmn::^ m citfe 

W^ 'Sll^l ftl ’ijl Ctrf^ ^ 5(1 I w 

^ c^» W'm I 

^ c^t^ (?r^rr^, ^ 

^It^ 5^11 ^(KRS’Qfs^ '^rt^lrsr ■‘^®, ijpi 

^srtc^ #ra1 citfe c?«rt^ I ^C5pp^f^ ^sitc^ c^, 

’^tf^ C5tC’«f OTt^ ^ Sfl I sst^twi C^ 

'3 5Tt^t^j ct^ ^tc?ni ^ l?ft-f 

c^tfe ?(**par csf^l ^ I 

artm 5(1^^ c^ff^^'Q, 

^%l orf^ -sriOT "srt^, (71^ frp 

^3^ 5[-< v£i?F c?i’«it?r «n^tt?rl 'srtic^ i c^t^ral 

5^t| I ^ 

tiiT c«r%:’® I ’Tti^ k^m 

i w*i ’®itr?t, 

w®' ’tM’® ^ f^t^, "srt^ ’srr?r3 

f^^5f ^f|?rtc^ I ^ «rr5 

>1^ til’ll ^rrf^ cjf’^ I ’5ii5nrl im 

’®rff| ^31 tii^^ WC^I Cff^—OT (ii^^f^ ^ 

%i trDfM^i ’ftc?r c^ w c^t5rrf¥ c^i 

^srfir^c^i JT’iw^fir ^ ^ ?[%lrfi ®tT(TO[ 

^t5’35^ t5ff% ^ ^mani ^sitro^i^ 'q ’jf^ 

I 

^t^iOT "Ti^ fwrsfl I 



c«HlfeRw| ^81 

(srrni ’jf'ifr *1^ ftn 

’jRiff <a^ are, ^ OTfsira istre c’ttsrtretit i •il^s <srre 
• 

?rr^ I ’ttof c^ c^ 

c*f ‘ii^pf5 i ^ ^ 

tsrm c^ ^si^ ftf%c^T ^ 

^ CB^ C^ s^ '©•I ^1 ^[]fe5 
^ ? 

^ ^ c^ ^sTf^rfr^r?! ’ttni c^ c^tfe 51^ (Tf^f, ^ 

'©f^c^ f C^fe COT irWiT '©*1 

■^, 5^ '©*1 w, c^tsrft ^5fc^ CR?i c'^fe 

©•1 ^ I 

5^>!^3r©f% ^tc^ "srw^ l%|* I ^ 

ja cTtte o. ^ ^c?i I c^«f ^#1 
^ I fwsf^ I OT "srrcsn 

•c^anrl ^ c*fPi^ I cst^nil ^"s f^T'^'ci? '^T® c^, 

sn I nfif 

^srtr^ri *nc^ ? Pfi 5rc«fj^ ’Tt^ ^ i "nr? 

'si^T^ ^ ^si^f sTfcvf I -sr^fK ^tc^t?r ''tf% 

^srrc^ I '^rrc^it?! (tic^fc© > ^’sf v\b 

3[t^^ I ^r^cs sitc’t :>v c^ic^© I 

5^**Far ^srfc^, sitt^ ^ ^rtnl ^ =rl i 

’jWl ^ 

(Alpha-Centauri) I 
‘ ^ ^ ’-fTOT^fiT 

"<f^fl 3TOS©i^?i I 5r»F3r©f^ 





siciT s^ims 'srtc^ 

5R ^t5T c?Rf ^\ I ^Ptt^ feroni 

sr*F3r'®f%c5F car%?:^ 

I c^ ^ W3r ^tff<2t«t3r car%^ c^^ii 

^ I '^1^ era fesiiflrf ir*i!3r9%T cai%c^ cwl ^ i' 
c?f%c^ '5R?^T 5T‘*pear^ Tf^ i 

c^c^?r c^ ^ftf ’i5^ c^pf srTir # ci^%?r sT'^ar <itf^ 

^tPi c«fpR:^ i 5 ^ cHr%»^ 3 ^^ 

i(‘SFca[?i3T?<jfri cgrtfT 8* c^tfei ^£iw sT^ar 

3It^OT '®rre^ V«|;©’^«1 C^, «rR55»tT^ TrrCSRtrS'Q (Camera-) 
’ic^ 1 ^ar ai^isr^Q 

* ^ 

^?rn <felC!?,—'®rl3^ 

*£it C^ ^ar, Pf f&ft?f1 ? 

■^1, aic5^s^?i^ iTSFaj'^f^T CTft c^witai 

^tfin ai^ Tfes? 3rf^5 Ji^car^ 

*tfiiM I 

^-c-5ti3TCT (globe) w ai^6 “t^rT^i PmTc^, ^r 

I -l^J ^ ai^® c^’^l wi 

I ^3rrCT ^ JP^?I^1 (axis) 1 ai 

I ai^ C3ira^ fra^ 'Q wpF«i (7nw\ ^rst^i 
Tft'Q I ai^^^ 'ft'6 C^, <2tt^ C^ Pmi 

I ai^ a '®rl^W 

CW ( North Pole ) 'Q nTw\ C*(V ( South Pole ) I 





^ 8 ^ 

C^, ^ ??^aiN9f^ «J^ »tp5C^l 

^ fsTW 5r>fa[ 

orRirs ^ 

^ (^ft« feir) <i|^? CTOf 

^;c<l#lrs Polaris ^1 Pole-Star ^| ^ff^«l 

, ^5tC?F wt«^?f (Hadley’s 

Ocfcaat) I ^'S^l dR 5(^:5?:^' 

cif^ ^ c*r^o^ 

^w\t^ ?!^*j?r c*f«ji 1 '®iprr?i 

’srsTO ^gc^ 5itf^c^‘ c*f^ »j£i'*i’ 

6^ «rff^c^ cw^l 

I Cf’Sil 

3(11 ^f^fr "=11^ c5niFc^«!it?i t[^c^c5. ^snsr ^ 

C?^ ^ '5l'2F»tCn 

^fiic^ c*f**i1 511, '-ir^i i^'^i (?i5i 

«SR fin? sp*Fai5r^5f i 

'SR 5IJ^ 5T^Cia^ 

f^rsfk I si^^tcw*!, c«f»f, tsrcvf^f, sr?i^r^t=i, ^iTf? 

^ ^ ^?c»t ^t*4 ^^1 I 'sit^'Mi:^' 

511=1 fvf^ti:5.5i I Jit c^tS cft^ 5|C5 i ^airw 

(ConsteUaiion) ; 5l^3r^i:91^ v£.^ Ji^jS 'Slt^fe 

I ^ *i!^ 5iflFaR^^5T?I C^ 





C!9%3 ^'5»t W3 

ir>K!|S(^ ^5!rl i ^mara bIffliB WSral >a^ 

5^V JR? iii^ c^ftc*! f^iB 

srwi «wfB (3Prt? 'SRf^ ?i%tc5i isttftst^tCT lawtiii 
C«Ht1%^CT?l1 »It'5W5? «(lf?R[ ^ '!ili?>rtt?l (’3?!?, 

3i!^. '9 JifrtB) 5rt^ 



\ 





♦ 






#e 

',’; r^,- 'j-, t ■' '^ ' 

V 




fw?rfc^ I Great 

Boar -rm f??ltc^s? I v!l^ ^'tfe 'Q 

apfC'-?) m ^ C'lt^ ^f^?i1 '=^f^ ^%5T 

Rf>n I ftRBil ^ti^ 

srfspF 

^tr*f ^ Cf’sil (Alcor) I 

bsr ’Rtc^ ^tc^r 

cH'Rit^ I ^p5??i ci^f^fi «rtcT I 







’ll ITT 

5f%i -m I c^ ^ (TPt*! fwt '«rprt^ ^ 

ftc'fl I 

»SR ^roani ^srt^ ^?rf5 srspar W^^rl vip^ W 

j ^c«fj 5tf?rfe 

^^6 5'^ vii?F c^*i '?R 5r*Far c?!^ feTftr®! 

I (Tlie Little 

Boar) I 

•5R ^t?f?r ■=2rr=?FW 

(Cassiopeia) s^'iVirisrQ^ I 


’?rr^t?i ¥C5T ■5r-5t^t?i*i 

?rrc^ v«i=T ■•^iff-TTn ^nr, 

«ii^ ^ji:sf\^5n:<F’ ‘st?rt^ 

I ■=Fjtf*I«f^?f1 si’^3is['9^ I 

U5^ ;ii3[sr -stTc^; C^fsf 

w-?[<!f5ri MI 





firC^F fsirf^ w^r4i|VQ?f ?fftTltr^ I 
Ffftfe 5r*F3i fsrPTcii {?r5^ ‘Axm .^feiic^. \ 

SI'^SIST'S^C^ (Pegasus) STSSf | 

c^c«i ftjffe =T^3r -sft^^ I ^inr 


(Alpheratiz), ^^f;5*t'f ( Markab ) 'il^" C''tt^*f ( Algenib ) I 

c^«i fss?ife 

^1^ I f^sife sT-sFTr C3f srJFWQ^f, TT^r7:'-F 


^ (Andromeda) i “sf^ ^•fil?n 5?p5?j 

c?R[c^, 'q 









: '/i > 


^ *• 


« : iT A 

^nJ:. 


* * 


CW>r>T» >8 »ltlI?Ji51'Q^ 


’®rt^ ^flVSpfPi^l 
c^wn 
^r^ar, vst^ 
sT^ar «iiTOr^r%tc^i 

•llll^^r (Perseus) I 

^tt^rspwc^ni 

^twriS^ =rf3r (Algol) \ 

braj- 

1 'srsT^ I 

'at^ 5W, ^ I w 

F^c^rf^ (7^^ oat5rr?r 
bif^ I <2rt^ f?^! 

c^i*? ^rr?[ I 


■arfsT^H f%?r=sf^ >rf^© ^ ^ifeitr^ i 

^ (Pleiades) ; I 

^■SI^W TflTl^ C’^^TC’t 'S WarstC^ Wt^ ^ 

(Orion) 5 ffear 

zm )! ai^ sTVQc^ =i**Fai 'stirlOT 5n:<fT "srt:^ 

(Betolgeux), ^•f?JtW! (Rigel) ^ ( Bellatrix ) I 


5war®ftc^ ^ c^9t %5f 'ii^fS sps 

(?f^t?r, c^tTOi ^Tirtr® ^[srfrsr! r 

^^5Trc»T ai^ sTOrsTQ^n:?? <ip5sr 'srr^FW 'sw 

c?Ki ^ I c^ 3rti?T mm «i?i TT^i^ajwi ^ ’ifcira f5p?rfe 

airS ^ I ^ (Sirius) I 



vii^ (?nfe <lttf^t^ 

m) ^ I ^ ^$Twri5^^e (Cunis major) 

1 ’®rWr-t^ 

^3f I (2ftf[.T 

Pwft Hfsi TO ^fro^T I 

vil^ ^1 ii-\^ I 

^ (Procyon) I 

T!3r 

( CaniR minor ) 1 

^ ^f^«l 

^ JT^arsTQ^f TSTfC^i I irm 'CrtC^tCiffe^^ (Ar«o- 

navis) I ^I*sp3lfe-^ SRT^r (Canoi»as) | 

(31^1 ^i{ 9fr«?(ft ^8 

'«rf^, ‘•Jhd I va’T'-^ ^f33R*f 

'srrtiTr I ?t <2r^ to 'srwc?^! to 
OT 'srtWTO ^ ’fPro, f?c^? ^%1 'stct i 

'arr^ fro ^ li):^ ^^TO'« ’ifim 

"srtiTi I srspur 'q c^ v<i^ ^t^ito 

c^r^ I ^ TO ^ sf'vaR'Q^isi^r sr^ 

fel ^1 "srr^W c^ *l««f %l ^ ^<!*TO »ii^5rr^i^, ^lTiw 

«tf^3F ^ (ecliptic) TOfS? I ^ ^t?I ^Ttl^T 

^’^tfe 5pr«i TO I ^ 'W/'\ ■sr’i ^ 

•st^^ 5rm (Sign) I 


V' ! • •-- ' ■J ‘ 




♦ f. J 

+ 




I 







^68 


•f^3r*r'8C^ '®rt?pf^ 

5it5rf<2t^ 5ft^ 7 ^^ ^f%c^i( I 

^fei ^rft® fsprt^l ?rtf% ^ i 

•it?r «ii^^— 

^ I C^R (Aries—The Bam)y ^ I ^ ( Taurus, The Bull )> 

'3 I (CTemini, The Twins), 8 | (Cancer, The Crab), 

4 I (fjeo. The Lion), 'b I -^^'1 (Virgo, The Virgin), 1 I 
(Libra, The Scales), b- | (Scorpio, The Scorpion), 5> I ^ 
(Sagittarius, Tlio Archer), I (Capricornus, The Goat), 

I (Aquarius, Tlie Water Carrier!, I (Pisces, ■ 
The P^isber) I 

ys\^ vfj-^ ^^’SJ 

I ^ ^Fs ^ cwm\ 

I 

Wf >8 C^'4 attfe fe&T 

STO'C^ I 

’[f? 

*ft«, ^>:^- 

C5fPlCM5 

(Leoininor) I 

^ ■^'8 

5rt>Q, (?fRp:^ a^tfe w ^r*F3r 
<^t =rR ^tPf I ^ ^fwl P[?(r^ 



f»i^^ ?ifH 



C^fefWl -itt 

Pm Ppi I Pr?nni ^ftoir c^t 5 a 

^I^C'0(,Si> •Tt^f (KtigiUuH)) '*ll4 

c^rra?! ftCT a spf afB ^»r, 'snrfit hw ^ssw^ (Dencbola) I 

^tpRfim ^<s. jftcF, ^#rlOT, 

<2t^3i car%r ^ ^ferrc^i tr^iuR ^ 

(Pollux) >8 5^ (Castor) | 

^r?i srfsr i | ^tfei ^s 



■ y ★ 



4 ir ^ 


★ 

-★ 

♦ 

# * * 

* * 

♦ ♦ 

« 


^nf-r 

nfr 5Tt*i[^^^ srf’ii ^f3i?n «(^1 ’itir, "tv^ 

^tfpr ?fft?itc^ I 'sti <ii^ ?fr-fc^ (w 

sitf^ ) ^ I 

'8 fiT’jf <2rt?i ^5 ^tf-t I 5ic<rj 
5l’*^3f C^ ^ I Pl’iTt^ =I*^3[ I 

•iife^, ^irl ?1f% I vtiitf 

vil^pfe (2r<?f?r C«r% ^ STfar ffesi rsi)ica) ( 

9f«(, 'ii^ '4^fe fk^ ^fertc^ i 





wi ?rtf^ ^^ I ^ ^ 

^ I ^smtH ft»t W 5T'^3 src«fT I 

c«i%?i I 

wi '«rtff^- 

^^f5 Jf^paisr^^T Cfff^Ol ^CW?l ^t^r ^rf#H (Corvus) 
'Q (Orator) I 

>3 C3F^t^'^C51?[ ft5 f^?rl « 2 ft?r ^ %tfe 



(Hydra—) »i|| ?r9:5r 

w#Tl ^itrsr sr^sr -sTrc^ i 

?fOTi c-twr^’i ^r[^«i '3 «f^«i <3^ "srr^w vsrti c*r^ 
?itfaic^ ■iitftw (^ ’jta f^sr cff^r) i 

1 ^ I OTj4ii (Antares) 

’I'SFsr c*fRn751? I ^1 (2r«f3r C2r% 5{^ i 

c^ ^utc^—I cwjii 
spipai I 





CB?jTf^fWt :>n 

V^ (Aquila) 1%155 spTOF OTi I 



?tf*r 

«f^*l1 (AitaiiO I ^fegi c»Rn ^?f-'flrF-f?i ?f»rr- 

^r^irti:^ I ^5f ?rff-nj ipwr ^ 

?rtf^ I 51^^ 'Q ’5rfm7:??f cffF^'s i 

*f^f^1 ipi?3r I 

%ci vfi5(^ft;5tsi‘9C3i?r T«n i ^t?i'^‘ 

c-f^sfc-n fi^wt^sFs ^'^mm cwF^in i 

TO Itj^ltsr (Triarjfiuhtin) I Jt^TOsf?! ^ 

eg sr^Ji^rw ?i%s ’TOit 

C^ I FsstS ^tTO sitsr «rft^ i 
^ 'Q C5i^ sre^ ^tsr irfP^ i c^ff^ies (?[st 5rc-i=f 
^5^d?r Trf^«ffc^ 519--c^5T3Ttar wft •^'^:\ 
^e© t2t<g5[ cHt%^ 5^^ 5rr^ i 



f^sH-'srtcntssn 


•ity 

Tlr>nr 5rWsrtftt sisHtta ciff^irs 

*it^ I ^ (?!t JTtwtt 5(1 ff%5fi sTTOt I 

^tc5 C?tf«^ =wai I 

?rt% f%i 5m*w c<f1^ I ^*Rr 

«rtf^ (Auriga) ^ «rsrf*tr5 STSSt I i3<IW»« (Caijella) 
^ITTS ^*5*1'StiHl 

sT^ai^fS?!:^ c^»t *1^ C55115rt7, ai^fsir? c’l^’t cssri 
^ 5(11 5ft?ri 'srt^tw •% 5(1.1 

stfirfw ^fel c^^( (?(^«Fa( '«i«(«i«('s 
5Fra( •'^tf^<7(15(1(1 St?(1^51 «t?, 5(ltn 
irtiT?, '5t?i wTfJwi 5t^ ftitrt^ si?^f5( 5i?tw IMjic® 5ttfi(t5( I 
sR'^fsrK ft?K«( »ta (Tram iti^ ( 

A 

«ttWW 

(^) fit? "s jf^ca? ?i:«ti ? 

(^) spfa'sftcip 5t3(^c9( 'si’tliFs (7f»ft? Of^ ? 

(■o) iR5(’('a(r? (Mqi? f%iirc<lf 
(8) s[5(!ari(535t 5fl?tr5(f ? ’ra^fS ftsnts JwawscsRt 
5(1?, *tfi(5? '6 'Si^TttJlu fw ’it?1 Wt5t T«1 t 

(t) Ktft '« 5Ft?1r^ ?OT r 

(*) ft?? ?ift?r ft^Rs ft??[*i ( 





^ ^«frrc?r ^ i 

^ I ^ '^wi ^ '^«i 

^ c^tfe srt^ ^ 

^tsral ^'5 CJff^f I 

^ a m, 

>Q ’^grtgr c«iTtfw*l'Q^ 

^^Ttr^rsf c^it^" 

C^ Ftft 02t% 

<’«F) W) al^, (’f) ^»rdSif, 

(^) >0 

(Tit^^to®^ »i?r^ owRs^- 

. c^ ’8(%fji I ^ ft?l ^araitsr 

«2lr5jc^ csjc^T^c^ Tsrt^ i 








; Ifta to 

(The Sun ; its dimension and distance 
from the Earth) 

■ 

^ ^ 5 ?r^ I ^ 'Q 'srrrsit’f^ 

I 7 ^ torrw^r Mfe's tort^ 

^ <it^l I ^ ^ <*rtfrcjn ^n, 

^ sfl, "511^ ^ cw*p—^ ^ =n I ^*51^ 

«2ttPw^^ I ^tPn:^ 5^1, ^Rft 

'artr^itf^ =n I ^ fei i 

5j|j:^ <rt?!*n Hfr a, ^ 

<2t*fpP«l I C^t^ttfM^t^ (Copernicus) <2|^ <2|l?t!T 

TOR C^, ^PtflC^ ^ifiraR*! TO 5n <lfeR*l 

TO \ 'sitPic^c? I 

’jf^ ftirPrs ’ifiiswnii TO ^ 

CT tlWft ^ CTO^rti^ 

'SI'R^'R TOi \—^n Wtf^ ^ TO TO ^ 

^81^ ^ f^irtft I 

^ tfftfr C^ 9p^ '««l C5^ TOft 

iflTO ’Tfftin tott? ^ c’TRr TOtir (?r8^ to ^ ^ 
>RR I «rff^ ‘StR ^ ^tro 

srt^ I <2rR >r^ TO 


I 





V(|> 

=5:^3 '9*R '^*W1 Sl^ 'S3 C3r»t I ^?C3«r 

t3«lPi*# C^®rf3 { Henry Cavendish ) !»Vr 

’ItC*t ’JPl% '8«Pt ^'<3 3'fl3tC5*f «,***i***.***,*--, 

»nS«,Vvxs*"*iMl 

<*tt3 axs.^'^l ifl® CTpf Wi 3^C»r« 

®13 »W^ 3l3l ’IlS® !ra I itn ’tjT^3 ( Gaseoas) 

I FTft m I 

^ ^ ftsTt^ ’!FftHtCI?5T CT, 

^ «2rm » c^ 'S* srtl^T i a 

«• ^5T (TTC’T cji:*i sitr’f «rrir ^e* i 

^tc^, 'sn^tu bvji 

f% '5c=^ sn «rtPr 

^••‘' W5T ^VS ^tw C'5t3[?l1 «rt!T I 

fe^lfirsTc^ '!»•••* ^ ^ c^tfe 

I c^t<f Ppi *ttf?it9r ^w Tm 

^|Rtft ^ c^sFtfe 'f ^'*p srt^sf cwl^1 

?lft?irc5 I ^8 I ^TJM 

^?F3r Tfii^ ♦If^ I ^ (7n?Fr« ’tRi^rt 

wn I ’^rc^rf &l i 

«rn:5 

c*f^ m, (Ti^’i I (?i«ft5i ^i:^. 

^5rfc*ii^Ftftf^f^<^iiri ’s^ 

(Photosphere) ^ I 'SltC»lPmt®r ^TC^JT ^ I 

^ cwr *«ra^t5i^tfl, ^ *tfpi f*f^, 





tiRSf ^ 'iR? 91^ 

«rtc»rt^>raTO <2tft^ •arfc^ i 

, (Chromosphere) ^ I C^ 9m% Rf^1 

^tqst cjj^ p[^ I 

sn:«fT ^<fT 

■ ^^W?[ 3it^ fesg ^?rl 

^jtf^ 

^ ^ "srti:^, ^ 

^6t«IW (Corona) I ¥- 
Tfm >S <3t< ?^1 >^C5T c?f^‘1 ^ 511 I 

’St^ 51^1 

'srt^ <irrc^ S(1 I C»l\?l^w (Sun¬ 
spot) (^^i fm cw^) I ^^*^5 ^ 

^%C5T ^^k^tus <2rf^ ft efff% 5it5ii bR 

^’^•icsf^^i ^lu{] c^ ^z^-^z^^ ^ 

^KZH w\9\ ^ <?r<r^ 

c’ttsTc^^ s^tsn ^?c»f w[j^ cf’^n i c^ c^ <?fNi 

<jPifl?r FTfii *fr?'«*! I 

^srtTi^srQCsra ^3CT?r ^ ^*1 ^fswi \ 




'srWir ^ 5 



^ffi ’5i^?5q V 

<?f’rr?r i 

C?Rf I 


«i’irm^i 

(^) f¥ ? 

(*^) ^1% ^1 ^ I 

(8) ’srnisjt’R-^^r, 'q ^Stsra^i ^ ? 



<21?, ^^<2t? (Planetary System) 

cnt^ (R c®^srfaRi ^wc*r 

CVff^Tl ^f¥, f^^-cwn1% TO 

ipr I «rc^J^ ^ ^tc^—(>) (rotation) 

'9 (^) (revolution) I C^ 'STTO 

Pwr^ csnPwcQ^ 'bTO— 

^f%c^ <£i^? fsri^rl TO 

^Rf3ji?i«i «rn:>r—•Ifiajwr*! 

I c^t5( CTO tsir^ 5tf?f&c^ 

^ c«ntf%^ (R’^n TO I ’sg^ ^ 

^?['9 5Rfe snc ^TO5 i 

^ ftTO^ fjl (Mercury), (Venus), ^jRrft 

(Eartli), ^IfPT (Mars), TO ^ ^ (Asteroids), 

(.lupiter), "fftf (Saturn), 

(Uranus), (?l^g5| (Neptune) mK (Pluto) TOft*® I 

?5 

^ I ^1 o '!»® 

I <ii^ ^f%TO^5T, ^ 

'ITO f 3(1 CWl ;ffaT^ TO’^f^T, 

c’l^’l lilt ^^3r 5n^ TO:w ft^c% ^tc^sr i TO?r 



^ ^rtt^t^ ^C5i^ m ^5.tc^ 

OT’^il ^ I t^tc^ CJf’SJI ’siT?!—^t<i«l 93 c^ 

^t^i ^^^it?. b.tc^ 

’ff^'srt^tc'f f^?^l 

^■<Ftc»f csfRfc^ Tf^ I ^^pT^Fftr ^c<?r ^ 1 :^ \f^c^ 
’:ff5i% %cfe 'sife’i, 

fe^ «?(tc^, *fC5i 'srt^ m\ ^n 5I11 \K(rt 

^l^rs ’nr<F, ^’i^T 3F5i»i ^ISu^rt^<f i 

5f^?ii c‘'ir5^ >:iitc^ cit'-<i I s^'i 

l<r? c^f^ 5?f ^f^?ii $:^tc^‘ ’n ^ cff'^ifu I ^<it? iH 

’jf’lfr 7 ^ 5lt?I1 ^ 1 % ^’i=T k\'\v^ 

C*f®j1?l I ^^{i1 IrV ft-il 

^CM I ^'^1->vt'-!!‘<r*S ■'T'''R'a 5j^l1- 

'5m-i 'SiisiJn cff’Rjil ®ttr^ I F.sfi f f?i ^^^^i 

^?i I f'M c’^'fK -ai" I 


^ap 

?C<{^ 'SIP I ^^1 ^ ^ C^Tft V ^■»^■ 

siT^'^i I tsj.10t?i -.^4 W"<F 

i 'sfiTf^ 5ici^^ 'f^isitif '51^' b’, 

^^51^51 I ^•^'j:?! ^^nsii ^);5, pt;^ , 

^JT>[ 5lt^‘9I I k^'<i 'S’SSI (StT’i ’:ff’f^H ? I 'fM Wl'^ 

'scipti'Q ^5!t^ m cni '^n I <}lT^H:’*f ‘^»fr?! 

^] j2r5Tti-sHt?fiC^ <?rVi I fi^'^l- 


1 - 





^?ri -g^iwT'sWiir 

^«f?i wn few I 

*31^% '93F ^^^1 I ^ » C^Tfe • 

,0. SI'S!* 3[t^^ 'S'bftJ fesf 

^f^3R«i ^u\ '®rr^t^ c’tt^, ^ fe^^-ifpfi:«i pFf^^ 

I ^rr^i ‘la^'b srr^^, i 

^rr*^ <#«( i2tt^ I 'sj^tgr fin:i?:^ 

'4f^ '«rrc^ I fpfii ^ 5jtfi 

iSi^l ^tfw «tsitw 

5R:5;?i ^sfm] ^^*^1 c^f% ^Tfsr i ^t^*i 

'^\^^^\ ’TC^fJ I ^3[ vfl^fe fe^fiT?—I 

^<( NQ '^gap, \8 ^C^<I '-fC«(J 'Q '®3R:4' 

fiis^ ^r«f^ ^r^?;], 

«si^' I 

’i^'5 sjSfW I 8^** 

'-il^; 'sit^^CST fe^1 STtST I feW 

<1C«1 'bVS ^fiZi{ I <1«( 

fe^‘^:^^ sF-nr ^f^Rii ^^'i{ ^c^?r 

C^tfe *»• SI'SV lil^N ^ ^Ti;, 

'£^•1 C^T6 'Q® 5!'*?' I 54^’5t^ 

^c^r, 

o c^ife 8« I ^T?i w ’/^ ®nc^^ ^^y\ 



cwrtfef^vl 

8ft Srtlsf ^ I c^ I 

C?RfC^ 5ft5T ^ '9C3jqi ?r5 ^1 

jfT’t c«f’ii I 



apR 

i^^rPicwi «r!^«ri tor i i>i off»ai 

TOT^ "snSRt^ TOR a, SITOT ^TtS^OT ^T? ’SftC^ I 

vfl c^R^ <2Rt‘i ^m\ ’rm irt^i 
cm ^c^, ^TTOR ^ I 

W5R (Deeriios) ^3 (Phobas)l 

(Asteroids) 

^ 'Q ^nj ^srtsr .5n:f.?i “^^rr c^fn i 

-5{^ >s src^nr ^■§Wc?j ^tNi i 

• ^ (R, CRW ^ 511, %t Cff^ 

t^?r <5(flpit5r »f^ I 



src^fi ^"^1% ^\m:i{ i <2rm 

^o** '^«i ^ ^Q^ vo^*^ 'Q«i I '5^ ;nr, sr^fif 

?FfilC^ >Rt5T sri I 'stItct 





c*f«ft^ I ^ %n^ sb* (TPtfg spsjs 3it^ 1 ^ (2rm 

1 i 

^rt^ ?>•,*•• 3rr^—^f?(f|3r ^npni ^ '^•i i 

■tR 

"tfe Tf^ I "STtm^re 

Tt^ ^ I vb- (??tjg ^bb' 5T^ I 

'srWr^ ‘»8« 'Q«i ^ I ^irf^OTf ^iWc^j 
'®rfe c*Nt?i I c^Pl^ I l^srfe OTtf^ 




cwrrfef^l 

(Titan) m ^ (Minios) COT I 



-tf5f 


^ COT ^C?| ffej C^ ^115, Crhoebc) I 

tSft?! 'bS'Q*!'^! 

'=ltf^?l W^ST I 1^8 ^b- f^C!T ®^1 ’iftllj!?!*) 

'^tr^c®ci I k^7^ 1 

'®rtTfnr c*T^gsT <2tt?r ^sjtsr i ^v^Trs 

"'IWSPT (Adams) 5FtC^ (Lovorrier) vi|^ Jpo 

'Sf^ I ^ hh ^^5]!:^ ’^c’F 

tr^cfei 

'fl'Sftst »rt« CTi>tp^ (?W -Stf ’if^ vmi %l >»«• 
^ti’ii' a^at? '!ri%® i finq 

^Wr*F afirw i ^ ^hssi^jf uw? ai^ i 








^x atir®f^ '^fwy 

%5^i an^i ’jRrft ^ cfi's fefenr 

^srr^-^i ^grrgr .sroc W’s 's fefw ^ tot 

^13^ ^ •rf^ I 

«»ir«rt*ii 

(^) m 'Q f%? c^c^5[atc^ 

« 

(^) ai^ cn^fe ? ^ ? 

W ^^5Ts^r at^ f wf ^ ^ i 

(8) HfSratci^ fV ? 

sjCmjln 

(The moon and its phases—lunar year) 

''fWcH c^rjtf^ sn:«n ’jf«tfht 

f^i>'4»i' I ’jf^ fir? istra % »W 8. ftWt? JTl^ I 

sa is^HS ^nstf I ?fsratli, a a atfr? *tftaR*l 

’Ft?, >s?; nta ’itsf *tf%3R‘i ^ I 5a 'sW? 'srf?^ 

^f%?»p5 ^ cmiWt? 5^jfea '5R??® flawed I »tfippw 
■»lf%?»r5 f*it«f9 at? ’jPtftta 1%^ w? fe»tf5lai? aa»it? 

^POT® *lf?3F3r*l attest? 4?? >s^ *rfte?*l ' 3 Pt% 

»itsr »ita «ttfa?l ?:^ta'8 "a???® *tftaRi attest? i 





^«fl ^ ^ ^fft 

orf^c^ ^ I pcaff ^c^f i 

3TCT9 <4^(5 ^F?R1 TOR I 

<7i1«*fc^ ft^i?n ^ 'sniRt^ I 

'^\w^ ‘*5Prfl?[ 

^It^—^ 5ti%5tC’R I 5OTT 

'Q^ST 'STC^I'TOP^ TO(^ ^31 I c^ <2R^ *ffer® ’^ft 



nmr?? 

-W*^ '5rt^«i 3 fk:^, 'srcw ^sr »frssc:^ 

Rt^*l TO I TO’jfVttrs C^I^Rl 2?f:^^. 
^ •% pwc^rrc^ cto« tstJjpTni <tR, 

^5R1 RC’W SjC15 ^TRstirJ:^ <Tffe^ I 





KSni ^^lt=T I 5[C«[T ^ ^=rf%Tf? 

^ ^ 'srtc^^rf^fif fer c?^) i 

f%5<fe f^^iJTs '5rt^?raf5l% ^P[ St^C^ ( Tycho ), 
(Coparnicus) v£|^® (Kepler) I ^«fj ^^TT 

f^rtfe '^irrctnjf^^ 5^^ srt^ir i 

^K<rr i 

igi ^<S, 

^i%rci I c^r ^usi ^ ^1 (7f^ 

^tsTc^'t ^31^1 I 

'sif® <nn:®m i Rani c^i c*^ '^v^ 'srsr^ i 

'Bitn a ^N*f ^ T^c^i, (71^ I 151:® ^ 

«2rt% JTt^, ^fi^fins 5rr^ i 

^c®?[ ^srtnsrt^ ^KTc^nr feiii—^ 

3f^^ 1 '^rtcsrr^ ^rtn 1 ^^:‘^ti:«m ^are 

^Tc^rf^ t2it^ I afiTi?! ^zm 

^ I '5rn:®itr?F '5!ti:^tf%^ \ \^> 

^^^itRr -sKi^ ^tiTTf^ '®rf3nii <ii^?n i ^ti^rr^'Q 
^r«rftc'® ^tPnil ’ll?? (*^?i ftir c^f^) i ^cenr 

f¥ 5® "wt® <sR^«t^ ? f3«6ir| I rara 

C^l ^5i1 (?ff^ 

^1t^ I ’WaiTf <£l^fer 1^ ^ ^tc®^ 31^ 1 

«T^T CffRflR, ^tf% ^nH'S ^^’5. 'srflTlTfiFS I vi||<ii<t 

^«i, wf?[ '®iii5ri ^1 ^ 0%- 

3pf%'5 ^?11 ^51 tf^ TOl I C^’sr 5C®?I 

^ grsi w ^ ^ ^sTti^n cvf«fi tr sn I 



^^51^ 531 f3c^ ^ ‘<c-!i i ra'® 

'5jT5?*^‘i 5?1 ^fen 5 tc® 5Ti I FC3^ ^t^:tc«r?r 
^FC^ C^EflTf^ 'S ^t&l ^ I 



^tcsrl 


^ ^fa^fil F3 ^feR«i =Fr?r, c»|^: Tir?^ y[7:9f 

^c^'3 ^finri '5rr^?7i i 'ii^?R<t *tf^iF5r*i 

^ (?I-5f^iar ^tCf, 53 IT'F <?f^' l!lf*f 

'Q (71^ fe’ifTs ^5^=! ^;?r wrT^I i <ij5: fws? 

5C3^ ^5^ ^ «ltl7F, tn^? 5r.3tT 






^ fl^ I ^ <2rfe 3|tr3Fr srraf ^tw ^?n er:^ i 

?[tft53Fc^ srtr^ ejoti 

^f% 5K^ I Jfsf^ ?rar fci ^fii?rl 

'«rr^?n ^srt^^r^i (Tpfe^, 

^tw ^c?r I f^#rl (?Ffe^ ^ ^«{=T 

fe# Tsrrft^l I TO 

^ >8 ^ ■'aR^t^ TO I • *^k 

^ «(tr^ ^wt^rTO 

ftc^ I '5r®?it? ^f^(% c^t^ c^tPct 

^mi &tTf ^fti53F ^f?r?ii ^fTOi's 

FtafTO 5ri I TO*i >^1^ "TO*!^ ^ 'Q f^rro^ 
^ E;gf !Bf^ «2rt?i 

c^fftrs <it?r 5r| I TO«i ^ ^^--511% ^ ® 

'®f'5t^ ^?il I isrt^ fe 

^=n[ ^c’t I ^ TO 'flT "siTO^ 

^ ^%1 TO + ^J>S fiR I «ii^W 

Ft^sTO TO fro (fro) I 

iiJ&j %R 'Q vii^FTO TOWi I ‘il^ 

^^:=3!5 <3f^ ?1 "stsrf^ 1^5® TO 

^ vii^ ^t®«it^i iJT TOi^^Prsri TO, 

FtS^'R, TO 

Ft?STO I TOoTO ^tfl^ TO 

S1WTO vff^z;«l 5T3l^ Ft3STO 

5rr%l Fc^i 



cvrtfefWl 


nrc< 5imP\ ^ i o^s ftw 
I Pp'i c^st^nil ftcs{ c^ 

^ '5r<T<^ '»'*»« I ’jfW ^3R«| ^T(?T I 

'-^C^T I 5ts '6 

^ ’^•1 ^fTOt^om ^^P\, ntl*rtft <2rf% 

I cq% ^-yfr^ 'sitw, 

m ^^T?i f«f»f '®rrr''T '«rrw I 

C^PfST -TOT "'•t?!^, frsi <1^ ^OT 

^5rf?r’^5^| ^i^sRtilOT '-lOTtf? 

-m^tfOT '^’tr^c'3 ^rtn ^wi ^?r i 

'St^ ^ STl I cq^ ^d^*FJ ^Itt^T?! 

C^ OT ^d I OTft nf?T 

^^3F5r c^ sTtrn (?\k 

<M ^ ^ ^«ftfir >T5i^ fm c^\f 

ijeiart^ ^C5TI 

csT^l f5% Tot wI^i «^^r*fsri f5r«r, 

I <:ff«mt?r ^ «2tft<iJf, f^'ft?i ^fiiui 
^ 'snrWi ySi^x 'SRl'^^r?! ^%m ft^?rl ^*r?i?rl 

tsTfe^i^f '^srr^ 9ftr^ ^£1^ fsf^f fsjrTf^ii 

viK? f^^im fef«f 'sini 

^ ^iTl W«f 

'®3F<lc^?r f%f*«t I 







f5%® ^ '« ^zm 

•® ^ ^v«® I -it f%f^ ^ 

'Q 5C3?( ^b-° fsii I v*i^ f%f^ 'm^ 

f^iSt I ^rf®?i c^ ^^t=T f^'St c^, 

^^¥1 c’Hi c^t 
C’t®!, 'SRf^ C-sl^T, 1 

'srt^^i f#«fr5 c'f’n ^ ^d I ^f&f^ 

?[j5^«Jt^ ^ ^%l Gf^ "^rfe^ 

^Tc^'i '®?F<i^?i ftsf fl^ w ^ 



psy^^ri 


'SiVS <11^ ^srWCH 

Gf^ ’Tds I frr ^f%G© ’tf^^ 

*«R? <nGFI ^®R1 








C^f^, v£|^" 'S?F^C*sp ftf% «n5J^ Sir 

.^%1 ^tf^l ^tf®?l1 5C^ ^t^T'^tfiS <rf?I?l1 

^tcw CVt^1 ^'<T I ’RI 

«ttu^, 'SItWST ^US iil^? firf% ^'6 

I ^^■*F TO sb* 

^ cff^ sn I ^»rr?r yr*r 

1% I fscff 

c^t^ f?5T Tpfi^^^ I f^ 

’5m^ vfe ^^iit?:^ I ^-#ii 

I 5OTI "snisT^T^t^i 

^c«iV^tc® ’if5?:'®c^ 5^11 c^ ^?c»f 
'5;tc'«^1 c^ 5it*fl 'Q c^ ^r«il ^fsc'sc^ 

^1 C^ ^TC^I CW^It^ I 6^ f^'% 

C^tiT ^^K5|t 'Sitai^l '*I«l'r"C*(’1 

•7i I ^f^f kh^ 'sfsfrv’H ^fc^Ttc^ 'arKsiTf-r*^ ^^>1, 
tif¥n 5TO sgfc^ of^\ >Tt^c< i Tbcc-t -^m 

c^’^r, 5C3f?i c^ c^ 

« "sr^r^c-f 'srrusii (ti^ c^*ii 

I ^f^srfrs ^i^r-st^l 

C^Tpit^ I fstiai C^ 5R^*1 

C*f*it5T I C^f^n C«l 

f»7:^ ^p; ^t«n 'SitiisTfr*?^ 

^ I ^c=T c^1% «Pr^ I v£i 53f5^%?f 

r^'‘9; ^1*51^ '5{+C^?ltr<*'5 







c5ff^ I cw^, ^«rT?»r 

(?f^1 ^ ^rfar i 

w^[U9?[ ^^r?*fi!r¥ 's^^'sitc^rtfw cf^i ^ i 'srtic^ 

m, T^i ^1 

m 

c*f*]1 TTfC^ t<i^9iT3R1 ^W I '"sr^Tl^si^ 

'5i5it^®i I vii^ '®F^’?tc5T 5{:®?f a '®i«rT?*r 
C5f«i1 ^1?r ^"*!fffett ^'HISTI—^^T<5. OTs? 

I c^t^i 

cw’^n vtccs ^'(31 1 'srr^t^ 

^<1^® cwf^ ‘^t'8?rl c^5i?il I 

C'St^ltll ^tf^?lt5, ^Tf%53F ftw I ^¥j7:r< 

cwf^c*® I ^t?5ii 5rrc^?i irr^r 

1^ ^r» I 15® c^ ci ^tc^, (tiI 

-71C^^ 57t3[ Cf^ ^t^l I ^17:^1 ntfr-lT<! 

&® ^7l%l, ^tc^<7 srt^ ^'?rtC5 ; 

c^jsi, ^^f»f^i. 

n^1, 5[V^1, VQ f53[^ 3srr^«l, ^1T5, 'SJtP^s?, 

cHt^, Tf'i, 'e ^511 I 

bar^iT^^ 5t® 

^ I fk^r< >.5^^) h»tt^ 

—^1^5? 5t® c»f^ stt^t i 

«rtr«»t9ii 

(^) 5® ? ItW^ ?<5r| I 

(Jl) 5®^o7t?I 'ffl?! ^«1 f% f 'sisrt^^l VQ <3lf«f5I1 C¥^ f 





(Comets and Meteors) 

^ cwjtfe^' c^f^n 

^r?r I I N3 

^ I ^^l-T t% TTC^^ 

sft^'i ^ I ^5!5ti>?i c^’^n ^ I 

»r-]U5f'^ fsrfwfe vTo^ 

CW'*'il f*rgl 'SIW’SI I 

t5^fCff'<I ^IC^fJ (fillipse) 

(parjiljola) 'Q <1?rt=3?:T< 

(hyperbola) silC^ yft's" I ^W«l 

f’r-filTII -Slic^y I R'^ 'Q 

^»i51-'8 C^f^n cw>I I 

^^t?n T%n ^f^-nr-r cw^n ot i >i^iri^ ~^\ ^i^fr-t 

^R?ii I •'SftRc^i 

'Sffe w I 

^ I I 

rsri '5rh?i1 '^ffe>; i cwf«n:^ \ 

f5f?ii ^51 si’^sT'Q ^C5i^ TO c^’^ri ’rt?r I ^ to 







’ffc^ I f»fc?itc5f*f ^ '«tf'55n I 

vfi^pfe ^B5| «ftc¥ I TO 

cff^l 1 ^ 5[f?rai ®itc^, 



Cftinr 

^^tc*f?i I r.»f!:^ ^i!tc?f?i c^® < 211 ^ 

511 I ^il ^5?1 

(3Ef^Rr (Halley’s Comet) i 

<2tT?l ^<t ^=5^ ?tc^tR^?[| ’t's ^a:>e 7[\z^ t^XC^ 

c«f^1 I 

^9f.S(l^- ?f5rr^ ’f:5 ’¥1 '*t!f1’^ 

^‘t'S^ 1 ^31 C^H’t ^1 (TP^'l 

I ’jF‘^ 1l^ 

(ii^vgfif <2n:^»r to i 

^ ^1%?n fed51 ^ftc^ 





cwrrf%ft^i 

TO nfwl wtt '<'\Ti \ 

f*F;2r 5n:i^, c’rgPr ^f%?ri 

ftfefe?rc3T '5rrc51 





^t‘<Ft*f C4t»T'9 -SIC?-^ 

^tC5I »r^?rl '^>1 (Byeler) W-^J 

'9 ^ ^|?n I »il«i5('8 I 

^f^rs ^fe?rtc^, 'Btsi ^f?i?r. 

’^It^i ^?ri c??r! ^‘^rrfff 

^-5 I t^C5f?[ C^I^T ^cstt^ 5ltt i 

^ I cwt^c^ (M^ ^r?rc«i 

^f? ^l^^'fc’pcar^ fs 5C?[ 'siTf^’il 

^?r I csTic^F i 

^Tc^, CT^fii ^f^(% ^C’sp ^K^. 



f^ST5T-'5fT?:5ff55l1 


I a C^ ’RHf ^ 

Ttr5I?f^ ^?r, (?I^ ^Tfwr*! ’i5 

(?(f% ??ll ^*f11I®f^ lilf^, iat—^^5 

lii^? ^U“l 'a ^»c»( w (?f’n ^?r 1 

gl t^l ,t M >-^ml 

«iOTT»ri 

(!i) ^ t ^■'itc^ ^•i f% ? c^+5[ ^50 

c^ mi ^T?f 7 


'Q 

(Eclipses of Moon and Sun) 

^ti:^^?!f*3i<j ^ c% ^w\ 

c^ c^rr^'^rPi^i ^ 

^1, ‘«IWfr?[ W\^i ^U5 I t^i *f1?, cwt^ 

'®t:m-?r 5j'5C^ lii^ft ’?fTf%C57, f?c^ 

5?i I 5|if \8 ^ ^fsrf 

I c^u 'srrcsrr^ ^t<ii ftf^fR 

cvf^ I ^ c^t^T'sara ?Wr, 's RSf?! '®rfft?rl 





'i\rO 


^ 'Q "srrpllll 

^ti:«il -mcii ^11 

5IC=T ^tfwl ^t?[ 

I ^tftnl, sTt’^tt^ fw?i1 

iS^ ’I’lf f^m, ^ft's ttfe^ 1 

^^15?, "srtii f&5T £,51 

vii^c’t?^ I '®rr^ 

vfit?li^ ifk^ W ^®fft 'Q 6^ simtc*! 

'5[Tf>!?ii ^usy Fri:pf^ «iK»ii c*fRc» ’tt's^i i 

•^.■t^«i, 5z-m ^;*i 'STf'-iiOT ^ri 9rff^'¥l ■5i^-''t'tfi 

^mizm «ili:T' I t\^z^ ^-iT-ist^ t\w 

I ^Kr?i w m 1^ «tfc^, v5*!-i 

^srrc^tft’^ ^?*f '«i-n>in:w<i i ifir 

^*1. 


^PrsitiT ^Z^ ^TS I 

^srst f^zn <tn:?i, c2tf% ^f«Rt?i c^si ^?ff-si?^‘i ^li ? t£i»iiT ^^ri 
^n^, (2ff% ’i^r «rir-¥ ^sr, 

<2rf% t5t?n c^f^ir^ ^rtc^ ?ri i ^r«r5i'm 

^ «rfr^?i1 a^t?r *^c^, <71^ ^fsTfrsf ^itsr 

53f5|f «l f l‘?[| I fTl, 

i^f^rfr ftf?! C'»PCaf *tfil3R«l ■<Ffe<5r§ ; TsiTiT, 
'^ff (;'^i:ar ’:ff»i?K^ ^ftiR‘i 





'i\fB 

1 ^ c^3r sn 

^ « 2 tt^ 4“ fsifr c^*\ I ^ c^sr 

I "srMcf^T ‘ill 

^ ^rtsf ^ 'S I «ii^ ^ 

5 ^ (T’PriT W C>ll 



^>2r?i 

^ I 'Q ^%5r, 

a^l ?rlf ’3r'fe«i 

I f=[^^i't TO ^W^ C’tlST '5rr?f^^ <5f^«l <?iTC^ I C‘<Ft^T 

Psf’tc^ ’jf^ft C?ITO f^?^1 %5 *?ftf¥C5T, 

^ =?11 

f5C3r ^cm cTO 'sitc^t^^fti 

^11 %m-\x ^1 «W?i1 

(ii.nbra) '*1^ ^ ’ttCf V 'S TOf f%?fV 

'srtcTO^f^ I ‘fli ^ Tf=T ^srrc^itl^^ i 

TOtr^ (penumbra) CTOt^K 

^fsRTl ^TO I 5® 2R«r^5I ^ 

<2t^tin -ifc^ 3Ff»!gefgn:<t isim to, ^ 

^C3T (Total Eclipse) 05TOT?I 'Q 





(Partian*:clipso) 

I r.^ »2rE^?it^ <1C^, c^fl fi|5>«! I ^car^ 

JI5['5| f^li -Slij;*! ST1 ; 

^^>2R*l 

5m ^ 

NQ 6^' aitcj^r ‘^rtf^i^l ^us 

c<pn^ s^T? 5^®?! ^t?ii ’:ihtr?f ), 

^r<jc‘i «2if% ^fr-iT^ 5mim i?:?r *11, ‘srfi 

^/^•5t^'«l 5^1 I 

l%5i »2r^'t^— 

(>) ^<5t^,®l, (i) '-Slf^r-f^- .5f5^«l 'Q ('S) ^5l?I I 

<r4c^t 5C3??i <2rs^T?ii ^Rfr^ i 


i5| ftlf 



^^5f^«| ( <I< ^8 -ilt^fH^ ) 

<3*feaf<srf:^«i c^'sm (2tB|t?il-*t?':'® ^m ^2rc^»' 

?>?r, 1%-^ r.^ c’tWr^f '5t^t?i'« 

>• ^ 

^15T i^^r sri I 







^ ^3r fea ^.1^1 c^ ^tc^i 

\ 

(71^ ^tsT ’^T^lfe ) <3<«S|1^«1 

of*ii ^t?r, ^^Bgit?ii ("sisfr"^ 


^Kfif3t 



( W 'Q ’srt^fl^ ) 

»>! fRz? 5cm t2W?rl-»ffte ^fk'^ *ffrs 

=!4tf>i?(i <if^?if?:^ vflt ^t^l =^r<F ^?[ Tsftvj^tu^ 

c^f^ii '^M ^9nr«si^«l i ^^‘- 

»n^i-f^ ® 5l^‘i ctf^i -^nix^ I 

fb-CL^i r551 fTf^itiT ^^511 



^5i?i 3ff>f «rKr»r^ srt^ <3[< 

■:fr’t?l^ 5T?, ^s?l'8 I 

niMt 's Tr»rff% I 53f- 

>9 ^v^x^'Q ^ I 5^ 

^ m?r, C5|^ 

cff^n fsaf cT '\) I 

53f ?^i? 5f%?i ^nr 'srfft?:*?!, 




^jfpr i^?r, 'sc^ CTt f;5f^1 

. ^ I 5t^«l C^ CW, 

^t^, <?\t «SI^*1 I 

c^ fe<l^t?il--iffe M?.v, 

^c^, f^"^ Pifiim c^fs^c’s 

^n, C^ Ttr^ 5(1, Tt5( ^^.VC'5 

7y«*jcf^c9f (^^11 ^51 cf^ ^C5T c^t5( 5n I 

^^1* C^5T n\U^, 5iw c\ Wt^l 

C'rf’IC^ <1t^ '=i’^ 5®!*, 

• trt'nfe ^^(tariar i 

«i’5rmflii 

('i) tSifs ^f«f5lt^ 5®<5t^'*l ^?l 5(1 ? 5®-5t^'«l f<-?}iC^ ^?l f 

(^) >^5tr«l ^?[ (2(^tc^(l? f<f?jrc^ ft>C3f^[ 

5Tt^lc^ vffva I 

(<5) >11^1 ^J5|^«1 

5(1 C^5( ? 

5 f^®(«IIf?I 

«SH^ 

(Solar year and Seasons) 

’tf5 fpfj-i ijtHir I tif’f^'i 

^8 >!%!« ^51 'S(tM'5^1 I 

v£it ^8 15^ I (7[5>^ ’Tfs?! "SJT^t 

V 

5(t5( ^f% I «rTf%^ ^?s ^TTgr^ «ii'<P 





tff^^ «itPp?rj 

(2rt3ro«»«| vii^p^tii ^3 r«i 5^^ ^t?::^i 

(pftK I 

^fsi^l ^8 ’ITI^ I ^?ir»ii c^ 

^\z^ m, (?i^ it^T I 

>i-i?r, ’^^•1 TtwST ’^tc^ 

I ’^tST 

I =?t?[C«l f^f«-^ ^-^Z^ 

^zn^ «tn:^ I *pC5t 3TO?i 

*2j^t?i ’-iir<^t'8?iig ^iz:^z^ i ^^ri'sut^ 

‘^vf\z^f, 5ic<?T c^ f^f^ m^n (2rr?FRr^ ^1 ^■m, ^t^tr<p 
"sit^i^i ’in^ ^ I n^ t2t*rr^ Ftfiift—^thr, 'q 1 

■siraftc^T^ =^t?^tro*f '®ri?[?ii ?p|^ I ifr^ V3 

si^sfT '-#! Vfl^?. »f?l<^ '8 %s sjCSfT I 

^ftm''<—57t?f^tC5T CWt^ 

a^i^, '<^ I c<p-< ? 

^*^1 ^f<i?ii c^rf^ic^ c?Pic^, am^ ^^* 5 . c^t^- 

■'©tc^ n\z'^ I ^f*?[flti -^fm c={5Jc^^’T^ ?i%T:^ 1 

>Tr^'^ 'b*|° c^t«i 'srtr^ I 

<^fe5ic«rsi >r-T(:^'s >:'>'i fe?F z^^ ^rrc^ 1 

^«!(ff Ttc=i ( ^'iz^ ) n\z^y ’:ff«f^''?i 

CTO^’il C'^t^TC^r C‘?l1^?:«f 

ijr?! ^z^ I c*f*n ^t<[ i 



OTtfefWi 




’im I C^T^'^Sr C^fW*f Wi^*! CWK^f ^^5? 

I ^t?f, c^Vc^ fipT ^tfar cit^ 5 ^f^*! 




7f 





«l“f5f%^ TTC^ril ^dt>l<I firs ’^Tr^, S’*isT 

itF^«j ^itoil fi[ I ‘ill ^ 

ffTO ^tI ff^*ftw '=(t^'® ( ^5{ = ^'lfe ) I ‘ill TO 
c'‘'tt5itc«f 'sitii <ftfe I '51'^r^c’r 

^t?:^ (s^-r^' 
f^nr^t?T cf’il ^51 u5| ^?iii »it^i 

f?f5T 'Q JISTfiT f^ I C'^tW^sT ‘ill 

^ ^i^^’3prF«?i Ffc^ ef^cs ®ac^* 

’:[Wr '4-fcf%'s Tm^ ^<sto fI ?:s ^ttr-f i ‘iil ^"-m 

C‘'Tf^lrf 3R»f JJtfi '8 f|s{ Cft’"^ fl’IS 9ffi:5F I iff^«l 

c^t^iiK IfTti «1^ w| I W '"t- 

* 

f5i%s (^^^*1 f^(?if?i 'Stftr^i) '®fffe1 <:^\ft'r, 







I 3i'?p?r3Frf%? c?®;'! 

^tir I c^P\lzi v<i^? FfpF«i c’fr^itcsr' i 

"siH c^n^TUsf Ne ft^ i 

tfr^«i c’trsitc^" 6^' *«T^ I 

’jf’lfi f?c^ ^«sf^ I ^5i?r ^w* 

c'^tt^itc^r fif^t^it^ <8 ?it&^t=T I 

vj-fif^ -^Xm (;»^^»t ijti& ) ^trc^ 

^^1<l CSf^1 I >f5[?f ^f«f% ft^T^T*T 

■'Q ?itf3i^ fN I c^rr^tc^T viit 7^M wf^*i 

c^«iTc«f I 

c^rt^ntc^ vn^ nq ^tfei- 
«rrc^ 1 5ff^«i c’ltsTtu^r '«T^i 

I Tii^ '■^rrf^^ I 

’^.rc^'8 <iit ^^fe3Ftfe cw^n ^f?[ 
^^?it?r«r c*(^ I 

OTC?j^l a*" c^t«i 

’^(Tf^'^, >1^11 'Q ^Tii 'Q ‘il^^TCST 

J)-.^ tji^ fs^^FT ^T^^^ ^ I 

<2W*it9n 

(>) ? 

(^) C3Fft?i ? c»it? 

? 

(®) 'S ?rf^«im f% fgrt?r ? 


'« 5t® 



^ cf-r, 3r?tc»r^. 

iift, ®r^ 's ^f%*f "srrc^, "srt^^ii 

<itf?[ I ^srw^, '« «2rf^r^ 

r^-st^ ^sTT ^ttf^ I f^ 

^®r, ^'W?! f% ^n:5, 

f% >8 ^t?[i 'srtt^ "sttc^, <grrf5f%^ 

^rf^tra ’rrf^ i ^-wf^w^ 

^<tT <srsrr‘i c>i^ 

^f^?f Ttcw ^jf5Tt£i^ <2r^tc^^ 

5n:i^ I c>[^ 5!^ ^ ^ifhPi 

cwf^c^i ^t^n ^ c^, ^t?ii ’ff^rs '5i^T?r 

%T I '»!t’»n:^ ^ c^R c^, 

'spw^ I ^ c«nrt1%f^^ ’Tf^^r '«ir5j?n 
c*fRr® ^ c^, v£i^V 8 'aRR^ ap? 

■®rn:^, ^ <Rfn c^, ^5Wc«R 3ic^ 

9tf»l^ ^1 'arrc^ I ^TrC»T ^S:C^ 

G 





^ 

"sr^ <2t^ ^Pf?il =rr%15i's?ii ^?i i 

^rf^ C^, <2l^f% (furnace) 

upspf ^ 

^arff^ «apt5 '8^#f ^?nTr?ii ^ 

<2rf^f%^ 'Sf%l ’^'C^ vil^fe 

^r^5i hsstf^fl f^?r c’^, ^1 ^Hfhi 

f% ^51 ^^?rir5, ^rfsii i>rf^Q^ 

^ =rt^i <2(^1? 3i^‘ <2rw ^f?[fti:^=n 

5n:^j ^rtsr «2rf%^ ^rr^ i 

5Ttm^ 'Q ^t?:«fe?I (Laplace—Kant) (Nebular 

Hypothesis), ySi^X 5l^tllC^51 '8 «Si^- 

"^fep^llff (Planetesimal Hypothesis) I 

*(ft«Sj?C<P vfq^lsiNS ^^r^5r fim ^ C^, 

^^'tfii^t^ i5i:igj (Disc) I ^r?j ^ ^^tlwi Tm] 

“^t¥l 

**^f^IT<:^ I STtTflf 5t^ ^8 

6^ TO*! ^rtim i 

W ( astronomical ) ^*1 

CMC®! f%ftf ®rhPI ^filill %tfil^t^T«f c2|Fl^ 

I C^^Sl 'S 5!t?ft®l 51tCM R5T I 

^n:^, ^siWCW?! (Solar System) 

—<51^, 5® (Satellites) 



(asteroids)— 

=q^p5ijt^ %r I 5?r?[Tfsi^i '®^’^‘i ‘<i< ^'^t^3It^I 

^tMPtQ I 

C^tte ?Tf5?:^ HRIiI «il^ 

« \ 

St^1 ^'Q1 

i:^H ^srr^'Q c^6 ^ :?iai‘mf%'S (spood) 

lR»f 5Tt1^5f I it^al «f^*l ^ 

^t^t^rff ^1 Ttc^T ^<tn3it5f ^^•tr?f <ii^'^ 

^PI^C*Rl •'^ft ^^51, pFTg c»ll 

’IW^J ^f% (equatorial siHjed) 

^f=^!ji:*f^ ’Tfs wM^ 

’^«f^ i^|?n I p9^^?i 'iKH 
c^T& ^Iri ^ cmc?i e^tpfsf | 

IFCSI ^'Q1 5TtFt^ 'jq^^ (axis) 

?rf^ (coiiapso) I §.<>:?il Ni'agj*! 

?f^>‘l ^<H3lt»T '5tC5>I slcf I 

w: »2rf?lt%'¥ ff)riginal) CAl^^ 'iPC-i 

-^Z*\ C^rr^ll 'sJt’T uq'-T? 

tii’ift, SI?R, “fpj ^'5Jlf*r -7# .515 

I <71^ i2twt^ ^^tr^ppTp^'^5?! 

c»[?( -Sf-af «i|«ispf1?f I 

e C^&W <2tg>I f^[%\cm 

I Cl, ii|3T-fe 

rw? ^KW\ C^tsi -STr^ff^’l* 5?T-ti?C*l r*??[| ?6^1 ’ll?l I 

(2!5'8 -Elt^tt*] 





I (m ^ f^p® 

^ I 

3R»f it^l ^?ri ^ i[?r I ^t^rfm 

dT^ I 

( Planetesimal hypothesis )—'STf^tC^ 
>TfW^t? (Spiral) dt?^pf^1 (Asteroids) ^^Rl1 



^^?rrc5i ^ Jfc^ ^ 

’tiS® I c^i^ ®twr^f^ ^ ^ c^, 

1*1^ ^tcsn c’fVfe® ^ 

cwff®f% ^firatc^si c’si, *Tpf^ww^ <sn^r®f^ 





. ‘5tjt% >Q 9\Ti(\i^ I cTt^TQ ^ 

^T^toni ^1 ^ ^ 

C^afCTO ^5T ^tfij '« 

^?»f cw^l m\ cf\i cm 

^?rri:^i b’W^c^cH^ ^ cm 

5fci^ ^2f^ ; 'srtii ^ *(^?5Tr^c»i^ fjf?n 

’rt^i '^^t!! f^-n:^ ^t^<£fc^PF ^«fl(f[^f^1) "srw 

(orbit) c^canr btftfw 

■ 'sft^^?! c^ (?FTii ^gr 

C^-M Ciw ^C^l *il^ ^ ^r 

^<t?r ^ ^'*p c^ff 

^3inr 

"yS ^ c^, ^t<iTi ’tf^i ’rr?! 

I ^^c^ >i?vpf«t '^n 

c^tfe 5rr<fjt^^«r^ f^i>i:?i 

mt^i citfe §tf%l »i^r I c>i^ «rt^^*m 

w c’lc^'® ^rt^ c[c^\ ^ c^rfe ^ 

'srrfel (?\i (impact) 

^ ^ I 'S ttrtft^l 

T»F ^ c^ ^«r^i 

%, ^W^1 ^ f^i 

tiPF ^ iii^? ^=n^'tfr nT^t^ 

1 ^ i5Wr5 '-rrar to[^ ^ ®ftr«F 1 cros^f 





iSl'atC^^ CfSr ^ f^ft?n 5^1, ^W^1 

<71^ >1^ filci^ I (?J3R !>f?r ^sit^rtTO I 

(^) 5?l^tf?I^1 ^?7T ? 

(71 c^ 5[c«fT 

-T^sr3*f '®itci?‘ I 

^^«ri ^jtf? ’jRfiti <7r -?r?(^i o] 

^51^ ^rrft, oiU c’f, ^ 

^ ftcF ^ ^fiic^T i%<Si 

f^ntc^ ^17?5 I ’^STt*! (7l-<5^ ^t^- 

( Meteorologists ) ^STfsitOT 
cm ( Isothermic lines ) (7!^<1 

^‘5tu«?i'3 c^’^rt ^?Rl I "srTrrcw 

CWITI ^iftl^l =atc«ll CTt5ft(7i<i ^r%l ^il^ 

«rm (?n5 (71^ 

^1^ (srri ^<?rrtfei 






(radius) <2fm 8 | 

'srej’ltcis apspif ^51 Tfs, 'st^l 

8 #rc5 ^jPtft^ 

I c^ ^^^1 ^ s c^fH a, ^tr-is ^srWOT 
'njt^^r ^ I f%l5 C^sf!? ^ ^C5 

c^3rfi{ jfc^r ^'s t iitr?f'T 

5T^ 3m ^tf^ ^rfe^ vil^? (P^^^W 
’ffesrt?? ^t%iil ^ifvs^s 

%1^ ^fii?rl f:?ft?itc^ c^, c^Hm 
<21111 V£|?F 5f^ f¥<^ C^ftc-St® ^’It^t^r b'T^ TTf: 

^i^9?:5T^ '50 ^€\ C5^f% I 'srMI ^ (71, 

5ti:^?I ^W, (melting point) ^ 

^'stu 'siwr? sri, ^r*t=i^ 

5rf^ I c^T^ <21^ 5tc^?i m ^5W^ ^t"Wr 

t"*ttl^ ^W'S p (rigid) C^<f I (?R5( 

^ te, ^*rr<^ 

‘.tfsT^ ^1 *rf?[«pa fe^F (g^c^ %•! 

^ 3Ff^5T ^1 ^tlS?r«r$ «rr*3 i 

^Fqc^^i cffR^rtc^ a, 

«it<«im '©^ srrzir ^'‘», 

•sit^vfpF^ '©?P^ '31^51^ C^ft—<2ttll V I C^\^ T[^?i 
^vfpF^ '©^ ail I 'srrni (fi^^ 

'©^ <2tiii V j cnt«F3^ ^Psc^ <5Pt% ^rOTf*f c^itF 

'Q nf^^rt ^siari \ fksr 

b 

^®m^? fe’TWst C<Ht5( I 







5TC^, fe<1tni'9 

f^?rtl^ C’T, 'spsj^ ^#Q ^ f%1| ^ 

1 ^ to 

I (TPtsT C^af (centre) 

^?t?[ ^ c*n:*f c^ ^"*15? ^?, ^t^i 




«mi 8.sit^ ^ 
\ 

arra •>«• ^rflfer \ 


'Bit; '®?p^ '&''4»-8 





1 

\ 


\ 


'art; '9?P^ «-«» 


fiff?j i^.. arf^ 


\ 


1 

/ 


/ erf^ 

-sm^m 'sf^n 


/ 




/ 


\ 


'srt: '®?p^ ®t^ 


«••• siT^ \ 


/ 

/ 


«nii?® «jrt!i^t%5»ra 

»i<*t 


/ 

/ 

^ '8 ca|\58!51 


V 


/ 

/ 


?WPt <?I^ Ttt=t I 'W 'Jpl% fe*R3l^ 

f?Tl ’IH, >*^ i2W? %5 ^f«lfl?l 

ft?1 ’trti ^ »« >lfH 

^ 'fRjpF ’PCT W C#t »wl, ^«rtf^ C7W 



f%^?[ (core) ftlRl I 

"srwm csrt^’sft «rt^«tl i 

(^) f% «rf5i ^ I 


ffl^^i^oln 


cwtut^^'t^, ^ ^ <?m, #, ^ 

"siWOT 5Tlsi1 (2Wtl^?l 

<2rt^sf%^ *f^, ^<?[1 fsRTl (magmatic activity) c9^* 

^’InC^T^ ^ (crustal movement) <2(^1% 

<lfiTO?T I ^«rf?i*t^ 'srtr® 

^5pFRi 1^1^ I ^ti:^ TSUI’S ^i^i's^’t’® 

c^t^rs ’sTi^ ’g^ Sg fetosi^ 4 £pi^ 

c^t^re ^tc^T ^fii?n Tt^c’siw 
C’lt ^ =<11 ^ ^^C5I5 I 

w »f% Tfiq 

;gft^i**^ ftp?! I 'S(tcti#f%r 

f^'« ^Vi\^ I f^‘% ’5ftii(#ff?i^ ■«rirj<5,<it^ c^^ 





^ e • 

TOl I 'Q ^ C?*f Cff^— 

(Titffi »r®«t3i^ 

^ct?[f^ ^Pf% f^i 

(2tDW (TT C^t^ <2fOfC»t 'Q C^ C^'Q 

w?f ^c<i I ^rroi 

^tf^, =ic^T I 3ft3r (71- 

ftrai ^<^1, ^S6'S8 rnc^ ^4^ wm\f^ TO 



t^ws ^«pitUt— 

's ^f^«T 

m ^?ii ^ I ^ ^C5T 

^ c^te (TFtfe ^tft, ^ 

I ^S'Oa ^rtc^l 'S'^C*l (71 (TPtafet^ <7T 

^r® (Tfc^^TQ^ 3ir<fi ^(i ^twrc?^ c^ i 

'STtlT^fl^ ^^"*1 ^ I TO 

W(.^ ^ OT•5i#c5Rr ans 'qs^»t^ 
nt'Q^ aft? I f^?t? ^gfaro*^ |i?F *BrtTO^i:?t? (TltCaRl 



fw?ii 9^t^[ *1^ ♦Itir i 

cw'Q^tsi, ^srl^i^ri, ^si^pjg ^ c?^ 



’jisnr 

c»'a^if5T 

^■^sitf^ ^rfBui 5<f^5*r ^?i ^tf^i ^c? I (?Fi5^ 





^ 5 ^1^1 "TO C^T^ 

C5t^ ^ (fault) (^’S f^ OT) I 

^ ^Ftfe’srl 'iR* ^SRTl^ 

cit^ '5ins’»(T 

^ i^%f I iiit (?Ft¥t?n fei ^«rt?r«f^ 

«9[ >Q ^Tf% ^?r I c^t^ (?f'N'’ 8 wt^’tt^ ^ w 

'Q (?WI I ^ 

^ (Tf-tmi f^#5 5tOT 

'=re{’^ ^ c^riT^^ I 

c^rTc^ a, ^?r-^f^fe 

oq«i5r ^Fsrs^l ^|f^w?i 

>T^ CR?r ^ ^‘1 I 'Q c^g}5- 

>5? ^ 4- <itc»f f^=f^C5i <2rc^i^ 

's ^t^tOT *rr«n 

^^rrf? <2rf%f^ 5j«i <tfiT '5rrf5?i:^c^ j t^tr® 

aR»fl ^ (Tlt^rsr 

^’R'Q 5rW ^■nr (equilibriuiri) «rtC^ =n I 

fw'SF ^rrfiR:® ^1 ^fc5 c^t^ ^1^c«r wsr 

’#*rai ; ^5W?i ^ 4^51 ’if^ isr? 

'Bf-ppi frp ^tkl f^i?ii ^819 'srt^si I c>it 

(R ^*1 ^srWctf^ {?fc»i 

^ ^ I fR^?l ^ft’se ^rtOTI ^ 

ftarr?!^ ^<1?:?! va^; f^*lTtc=T?r f[c5 ^?rr?r 
1 ^ I u9^ (2f«r5[ 51?, <5^ 



v8 '«lTCeTt‘5*{ 'il^? 5»rt^OT 

^uo^ 1%^c?f c^tsT ’^rrf^ ’if^'s 

^fs[^»p( ]|^^ 1 jpi(^ 5t5T ^ (roof fall) 

^tC^ I ^fr?C"*t?( C5it&T?fe felfe ^til«l I 



C^ CT^-4^( ?rtK CU^C^fsi 


(vibration) mZV?. 5[^ I 

C^ 'srtw ^5, iftfe (focus) ^ c^ 

(centre) ^^Tl 

(epicentre) ?? 1 <2f^C*T C^T^' 

STC’-fl C^, 'At A'^^ ft*f iTt3f I 

sn, TO ^ (3i«n i 



^•8 

^^=1 

Wts[t5i«3^ 1^ «f5f1 C![^'t1l "SRf^ I 

fs5i I csrt’^Pr^ cit’s fkit^ 

5lWf^ ^*1^? cm ^ "^^=1 I «il^ ^ c^;:^ C^fif 

I 

«Wart9l1 

(^) ^t^«i f% ? 

(5l) C^® 'S ? 


'5rtca?rf^ 

'^t^il7:^f<? '^C5i=^' ^fr-T «ii^iT ^iw.vs 

fel '4l^’5 (Ifivsi), 5T^% 'S 

dip\l W^ ^1"^ =JJTfe I 

I ^l^tC'S^-f'l’itfe ^tfel 

•tf-s; (conical) WS ; C,fik 'G 

vfl^ fe ^fC^ ; siKfft I 

ft:5 fel ^ I 

(crater) I 

c^fr*!^ etcspf Fs^ 

^^>ir8f '^t^rtcsi^ 'srt'Q^^^ ^I's *!® ^fir- 

fifsrl ^ I v£i| •5rKj<!.mc®^ Jfsi^ '« 

^ s 

^ I ^ '4{%^ ’IN?! ^^Jtft' 



^-f^l 




'swr® srfsr ^itf^- ^ i 
w?[=T 3n:«iT^ ^t^iR'^c^ifeit^r 
?R?»r 4'fii?rffe5T I siMc^ni «t^ 

»£i^fe ft«t ^\zw I ^ ft’i I v£i^ 

^ '®itc?r#ff?ic^pQ 'srtr T'?.^trw5^ c?«n Pr?itcf i 
' *\ 



'^WffF’ifii?! 3TC5f ^f^r^^sT'S 

-y.^^ Of*\ I '5rrc?m!’tf^‘< ^2r^’*^^ '«ifif 'it s'siirrsfr® 

I -il^ 

; ^5t^ w*! imutimu) 

■•?! I (l)liil.onic) ^r^>i 

I -^IH v£|i: f»5l «4tFl^l 

>iTTO*i stic'd c<i 3 ?^, 

^Fi^nif-i-^rt ^C5i I ctf^ics 

(slag) I ?(,c’^Tr^'^ ft^n »ft5rf»tt^ -sn-n^c^iT 

5j 5 I W rnagma^l '"pC^ 

'"srrf^^T^ ^51^ ^1 ^ f*l-l!>>? (2j^?T 










i (.^ I b H1 


(injected) ^ ^5W?r ^ 

( vein ) ( dyke ) ^ I ^?r?[Pff?r 

<2rr?i^ ’Tspr^ c?^ ^ i 
^c^rtOT^rwc^ 

^51 ^ C2|^-<'^votC<i ^5|tC^ I 

«w*rr»ri 

(>) ^c?r#ffe 'a ^«f=ri i 
(^) ^t^fkar IktH I 


tfifem, «2^ffe srn^ c^snn i <^1^ 

51^ 'srtctmf’tfe (eruption) C*fR?n SfW C^, 

5fH»t srf^ sjtaf -51^^ i 

(earth's crust) ^^11 ^ I 

^Pt% uq^ls^'Q ^3j I 

^ % (bore-hole) It^l ^Wl STfST ^ f%5T 

srtt®^ fiTc^ I ^stsr ^<?n, ^ 

'a TT^ <2rf^ ^«n 

^^1 ^ I ms ^ 5iti^ *tr5 ^551 ei^ >8 

3Tf?fe^ ®?ip ^ 

^ (TT, % I 

aF^»[k'Sl w^nn 

I ’ic^ 'BIOT ?i^3r?r 



vicfe yf^C^ ';^'f^'| ^ "otftcs? ^ 

^1 ^t?l i <2rf^ftc^ -^f^- 

5|1, «mt«i '<\ 5ttr^ 

^iz^t Otf^c^ ^T'Q^I I CtfC*l?r ^ 

'-f^st^ fiRl1, f^T^ ^It^'^tti 

C^tfS C^'tft I 



*?si9f-f^9il^?i 5i:<fT ^4:!:v?if*t^t?! '«’:■<*( 


CT ^'Ol':'^ yix tz^j^f ^T^! 

5ft?i*noi, TtPi ^<i«--joo 

C^, 3p3T*f ^t?l« >.1'51 5PC5!, ^'1 

^®^s^■^ -sft^i ^C4? !?ft?r 1 

^tC^T % 'S ^^sr^liT I 

^^=?I fsrc^' 2T^1 ^¥‘^1 '«lf^t»f3rs5r 

'Q ^t?i1 I (sr^rr^f 

-^r. 3P5It^^ '-^ 

(ipfneous rock) 

Jf 














=iff, '« ’’^ 

sitfsW I ^-5 *rf^*t 

(2l'|f% «ii^7ia[ ^ 

-.It^ (sedimentary rock) I 

^ SP'-K »lf '« 

’sitCirafteil 'Q ^^^f-t^t?[ 5t^ 

VQ <sig ^ W( ^’I'S '®if^'i‘ ^ I 5M ^»f, ''i^t 
jpCT 'siitiraftsn « »tspift5rt?i i ’rajnt 

f»t»rti:*f *lf?R^® (niotiuiioiiJiic) fW1 ’l®n 5^ I 
Jita:'1 cai%r-5 

5 jt |1 ;—'CrtC^^ (igneous), *1*1*1 (sodiniontary) ^ •tfil^f®^ 

(.nobunorpliie) f*t«rt I ^ 

ftr»3 ^ '«^' ««'5Piifl 

csrlfsp? ’lt'8^1 ’Tfi' I '® 

^ I 

^«i1— 

^^511, ^ar- 



r- 

/v* >Ui '* .. _ 

"«.m "'U, »!((( ly/ i«irrn.' 


'Ilf ,Ml 

5^5 *tcl^f*t^1 "3?! 


«rt^-f^'a I =ip!j 



^ ® ft 

^ ^|%if 'Q r.ffi> El's'll I 

'■5-!^K^ #Nt*^r (fossil) ^^1 f ^ I ^'t^-\ZVj '8 

'srtPi^^tc^g 3iJ-i-f^^t'-i '9 ^5i5ffr-i5rt?i ^t?r i 

fvT^\m, '5ir^^ •fii'ife sic^fj 

sfr^«fl ^f?iiiti:5ST (71, <2t^fe 

‘AU0 i551 I f ^C*?t55T 

c^, c>i5‘ ^^^f“r«^[i5sf=i 

's^^\ <t^ scai%^ I 



1^ f^'.3?i ’lisifstc-'f cw^i'iii 5t?(K.¥ JT.'^'’H 5!»:»fi '^:[C'!nif-i6fiid «ic‘<»r':*> 

f.-'t.ift ffftM-:^?! ^fu ^<1^!: 5iiifwc<i> sr-tcw «•« “•'jjs^if!!,'’ i 


v£fe‘?fin ^t?ii r-Mi’if^ 

^tr<*?ll (tilted) ^*tsf (foUlod) 5^>n >(t>I, 's-lt^l’fl 

C^T’ITS ’f-ti^^l ^?FU*t ^ff^ii:l1 ( fault ) 

I if’:3i cm 's 

"5*^ (distuvhanco) 







<21^^ ^tfii >8 iSTff® ^ra*i, ^rf1i’??r 

^nar ^C5 

I ^^t^’TS-STtsU ^1 (landslide) I 



-«T'&?i: ^111 

^‘4-1 ^ 5iTf^’?n ^tf^c5^ ^^^5CT«I1 

(ax uliiiiche) I 

4 > 

( ^ 5>fs, »*T® '8 '8 fBrii 

JftMS I 

( ^f&:s #r^3ii 

Wt'8 I 

( <» ) ®Tn'SI?W® ? 




^ mm 

*ii^«r® I r*i^^i ^’Tt*rfiTi:'«?:tr 

<2f'^^^ci?f jn^ I <2tff% ^>]\r.?. f^r%^ -icw^ i 

^C«1^ TfUST ^r-R r.(T»i| MR a, 

•TiCb'^ ^51 ^Rc?i<i 'Tr^<in:& I Mt^, c:-{‘sr 



'9 (2(®tCM ■‘•f-gs ^T«R 3FiH •r«S5[ 3rM ^iR? «t^»?ll 

I MC*fT t2t?:^J»f '-flMs; 

5f-r^ft?ii I ^i&i ’tr®fR^ '7^ 

I <151 <11’r':?J?r ^Ril !^?:5 C'<*t <1t«R ’rtM I 








'®T^ ^?i=rf^ I *£[t ^U Pff%%9r 

(indif*enous or sedimentary soil) i 

^ttai «2rc5frf^ s 

^1^1 sTt^n Ttc5{ iit^ ^?nT ^ 1 : 1 1 

^RPFI (transporied soil) ^1 I 

C^ ^f-RlI 'siTftC^!, C^P^^s?! 'Q cm 

mC'f, '«rl'^t^ I * 

^w?riT "^'tfeil c^c^, ‘5fft^5r ips[»! <5^ 

^^ni I w:f?f '=ir-T?n ^it=ii 

ciff^c^ <Tr^, ^t^«i tilt cwii 5?rQ^i inn? >im<i«r^ m 

^ ill I 

<2f^t?j c;w^>rr«fT'i«f5 ^r^^Tcs ^if^, t<rc^r[ 
f«i, ''S15J1W ^ ^Am] TO I <^:f-fi3!i‘i 

ft^C^ CSif M3 »fsr f^f^il 

I f^sl ^fepTC^ f^jT ^fpf ©'JTH ti)^? 

r»5 F«^ '«t^tC5f?l r-{^ f«(®f t2lr^t®5tl?f 

^[Mr^ ^'Fi^l #H5T TO*! ^’*1^ ^WITO 
s^1 CiltTO^t^ Vi I <2t^t^ ^Tw^V?< 

<2f^^ TO 'Q ^<511 (Tf'8^1 1^51 I ^tf^. tifCjST, f«l, 

M3 fefe-'^:<iil^, tilt MRr tsiTO toj ^3 

tiTc^c^i^ ‘^Fmt®rt iitfers i (mm'^ ^tr=?i ^ 

tifck^i^ ’if^^rt*! f%=T o"?!^!:^ Vi ; 

c^OT*rt!&, c#W*f «rft& vs trfc^ i tAu^cro 

TO1 c^c^iirrft } 8« 



<^0 FfCT ^4 rj^T 

'st^i 4£rc&5i-3iTf51 ^sT c?r%?i n^v,Ti "51^:5, 

’I’fl i:^5T-C^’^\ /;^?|f»f, I 

«rtt& iTtc^r 1 

^tfir—c-ff^i, ?rrc5itff?r iT^r'i 's y\^ii?i 

«Trf5 5itf% s I 

Vtj ; ^Tl^"<s«n JT<FST 3rrai I «ttfe 

^ti%^ 'Situ f^^1 ST^ -^IT^ •11 I ? 

'?^+^'i ^5T "£I"<5Tfl5T '<1 "Sji'^ra -n I C^FT^ 

ntlGD UT^, C^^ZX 

'•rc^rr «2ri:^»f f^.if i 

C^^I-l bt^i?l y-r’? ^?T f^lf -Ttc? ^f«5 S-g, 

5^1, ^ti^Kse I 

CM5T, «Ttf& W^-sft?f«rT*ffe ^15^1 CJ1^©5J 

vfl'c^sr—^’cli:^ ^2t^r® >T*^< I 

^5^ ftf?:?^, -ISfSI'I^Jf ^t5! ^t?f, «9^S ^ C^, 

-5t^ 'SK^' *11, ‘515ft?. "STt^l ‘'Sites- I 

c^^^^ ^itcw 5>'r*ii, 

'^^t^ 5ic<i “STr^ ^ ^?5T?r ’*(17:=^, 'si^fr?. v£i*e§5i 
5tta I ^*f1 

I «fffe ^tf%^ ?inr 5ilr§ 

ewt^'Q srf^, f-:f»f5 XV.^, 





^^8 

^f%w<’{t^«f’»p^ I «trfe 

"sit^, 'Q w57-<rt^T^ c?ftc^ »ii^¥ I 

fV"?'sr^tsr fe<i5p7jc«r?[ v£i^ f^»f^ 

T^rt ^ s-^ cw^iTi, 5r?af^ 

'0 c^t^ ’M?! 5*1 <2tff% 

c’lt^*f‘®p^i ntc^ ^0 ^f%nl t2tOT*f 

^iTftciJ m ^1 

^t?i ^fii?n ^Jf-c’lt^*! I 

pl~->T^(2r^'T?i f?:*r?i 

«2ft?r^‘I 5*1'S ^•l"'^N?f 

I c"^ 51-^ 'Q ^fes Ji6f^t5?f ctfRr® ^T^, ^t^l 5c*i- 
I Bi--^f^ 'Q -gfes ) 

«M 

^f^?ii c^i ^wt^f <?rfc^ '51^1 5«i I 

5c*i-*it»i?i ^tz^t 5*1 ®c^i >Ti^'0 5c*r5 ^iferr*!-^, 

f%^ ^^t?i I ^311 ^cw?i c*it^*ft^?:’it^, 

^tf%'Q v£l*^§i:5i?l %^t?f ^t^tC'fT 

'^^151'® ^^^1 fefl?-c<it^c«rr*li:^Tf 

i£i^? c.^m ^ *i^"t5f I 

^ vfT'rtc^I^ ^t^5I 'Q ^f® <2t?-fe ^"Sl TfllT^I 

^tsi33^ ! 

5%?-CW35—-sTfts ’jfwr?! ftc»i^ 

i?tniTw% '®i?*i I c^ ^1%^t?[ srtt, ®t^1 1 kv 

PPT| le^r® 

^?i I 'srf^ ftc*r*» '^*1, 



'Slt’isi I TtfsT^ 

^«ii, cwt^—^51 '®rt^^ ^nr^ir-vg) -^tr?! -il; 
viTc^c^i^'®«i--^^ ^t^1, c*ft^— 

-^T:^ ^ I ^il>f C*tm«l 'Q ’Slt^-l Otrx 

<rfc»i I '51^ c'^'t-i <iwt«^ Sf'^i 

ftRCs 51; I ^fl^1 

^C'^'®F1 ■5I5rr^& ?Ffe I '4f%^-^fit‘f-‘^fftC«f 

'3 crr^ "-^t^, ^cii?i 'o*i i 

^fw-'^t’^ <?IC5f 3itfe?T •Sfsr-sff^l^rt'-ff^^I ?[f% '4fel ^ ^ifc'^CMfl 
■^ifs >.si c'^f^ 

^‘Z?i I 

r,^ >i-:5^CffT c^^*t <rf?j 

=rrft ^^i?rr^ I c^t-f ^itfe '« 

'sii? (2(H yi?[(2r4't<t 5p7ii:?i=?i ^^c^r<ii i cm^ ^rrfec^ -i-ii, ^3i'5i, 

T^^W (STffe ^str} | ^ 

'TC^ ¥:i?1 ^!^?T, 5 ;i$*T -^T#]^ 

'S^;?:5rr^!t i ?r?4i, '^igit?^ c^fi^ ’i'4^ w?i 

?f% 4?:« I 

arOTt»?1 

( ^ ‘3 ‘5fr^»|tg^ ^t?TC4 =ic«1, ^4^! irf^i I 

(^ ) cn ^451 sf.y^ OT, '-rrfe 4?I 

C25t%T .2IC"5T4 C35t%?I ?Ilfe?;'^ f4 

4« ^Ri^r?:*] *ftC4 9 

• ( O ) % 5p:F5T C^rsr C4T5( ^^?r?R ? 

( 8 ) f4 V 



“(to «"iPs ^ 

’T'S'Ist^ C^tf6 C^tfe (lun) ^’T^CiT 

I t2ff^ (2[t^ ^ 

1 v^m 

C515T15-11 ^Nc?i?i >K5F ^Tt?i ^'Q^1 m 

^FTOII ^pj C^ 

^t^‘, Slt^i I ^i^T?f*fs 3F^| 



^f^'55r 


^1% '5r(i=Tr55r, 

^fiic^, ^5^‘j <it? I 

's ^grtgr 'vst^r 

^f?i?ii c^Rcsf ^^1 ^ c^, t£i^ ^5f-fv5Tt?: 

c?f%^^, ^4\% ^5i?i i ^?r 

vQ i^T^ C?RiT^ ^'Q?rl ^ I 





t2fT?i ^i^jn i 

^■'•^TiT ^'i? iii^; sfsp =3<3^c??r ¥'<?[ i 

sic«{t ■srrc'p i 

'^t’iC<I (density) I 



sf-r?^ 5.]j:f»j:-.-f{v^. 


<'*feftC5^ c’7, ■^T’sp .ri-d'T ’jfvrfi': 

-'T-ir^tciT >f-rjf^rfni ’tre?^ tf=T '^^1f'{«M 

■silCSIfSCi^ i- ’It^ '^l-< '??:'T 

«t515T-f^?Tt?f giT<I s;?,- | 5|r/,r^ 


f-f^m'::?! eTC'i 'Q «»r{^T?i, 3F7 ‘*i 

^5^51 3f^*Ti 5rr^|r5 I 

C^ ^C'4 c-jfir C‘5tf5T’1s«'r f'i‘?[!r2>=?!, 

^I5’r?[ ^*7 ^5^ (carJjoniferous period) I ifl^ 

^fri^TC^i 5j-g <fjtw!< | inl* 

^SJTT?! <2f«rrsT 5?r I 





'sjfH ^trrnj 'Q ^^tl’ttsn 

C7\t nT^Ttm <2f^^ 

‘^\%^ ^^15^1 ^[>5)51 I Cf\^ nf’jCtl ^^^1 ^®[- 

f*f^1 ClSf%'$^ ^k^Vd ^si^K *ffe^ ^t^t?l I 

bs^Sf^ ^iTsitii 

't^ ^1 C^” ( mineral oil ) 

I ^t^tw, fTTrij?f ?ftfl, 'Stpfs tilt 

^t?fr<[j 5tf%5 I 'ii:?i c^ 'srtr^l ^tl% 



«rcBf ic^ ^-jefst!! *i*fr^ 


c^rt^ t^t^ ' 

^5T-Pf5Tf^C^^ TOT C^TsT C-^151 "^tCiT t£it^<4 
<11«?i1 I 3ltfe 

I ^tfe 

4% ^i?1 v£lt sitsi I C^f--^t<«fCiTiT 



^‘?il 'vj:^C*.r CT4SJ 

fsjsv® ^f^Ir ^IC^IT ^5fT«f >3 

5i5Rc?fU»f, ^>itc-i, mi mzt^i ^sif« ofz^\ 

^Vm TO I M:sit cff^ “<iT5i c^, ^ff^i c^c^T-'ptT’jc^? 

<iw'i^ mi 4\z^z 

#IC5^^TO^'I i^sl-TOTO &tc<1 'SJW WJ 


'^:5f»r^iif'«rfw. ^T^‘>i >]C'<i(:"4 i 

z^U) ’4fa'1 f^<| 01, ^ i*i^! 

5j<!,^lf«r c^f-tfe-^'B t2it% ^>i'<i f-l=iT'; >iF^'-i fv'n mi -if*'-!-' 

i>M '3 -itch'll "TO'-i 5 J>>r^i1, 

TOTO ^l^?l1?:&. I m ^^^1.:=?' f^pssr TOl'i 

^ 9 !^ '‘i^f^;^1 't(?c*r fi's-gi -‘t-^'i iif, 

C^C&t^T (petrol). C^tr»r«l (keroseno). 

(engine oil) ! 


«isr«imi 

(^; f■<^ ^C^•^ 

^<si1 I 

^•<1511 ^qfrjc's <ir< V 

cm CW1 ^3511 TO ? 

--ipj® f^. r^; U^ 

<*!t3?r1 TO ? 


(^) 
{^) 
( 8 ) 


c2|=?'U t|^*f 




Botany 


—{germination 
—inorganic 
—leaflet 

=35r55i» —onclocarp 

)—' 

exalbuminous 
-cryptogam 
—adventitious 
■«rr^—tendril 
—apex 

—assimilation 
—whorl 

•55. 

'^Tt^FS —angiosperm 

—^climbing 
stipules 
—epicalyx 
—hermai)hrodit 0 
—monocotyledon 
—unisexual 


—palmate 

venation 

—carpel 

53F—gynajcium or jnstil 
—ovary 

—compound fi'uit 
—fibrims rc»ot 
—rot u ud 
—fungus 

reticulate 

venation 

—organic 

fs^f^ C<-T*I~ovum 

f5?r^ —inicropylo 

—ovule 
ovate 
—corolla 
lf'9—s£ylo 

—dicotyledon 



—acuminate 
—margin 

—curved venation 
—gymnospcnii 
—inteinode 
—node 
^ pollen 

—anther 
—pollination 
petal 

—thalamus 
—stamen 
51F—andra'ciiim 
—generative nucleus 
«£l«rt^ ^—tap-root 
<21?!^ ^rff^hiliim 

—transpiration 
—blade 
—pericarp 
—^lanceolate 
—epi carp 
(^W)—albuminous 
—hastate 
Tt®rt^f^“~sagittat6 
—^reniform 


^—calyx 
—sepal 
^--petiole 

—epiphyte 

—parasite 

—sheath 

^ ^1 »5*1 —radicle 

^t'S—pluirjulo 
^*1—embryo 

—mesocarp 
—mid-rib 
^9—stigma 

—root-cap 
—root -hair 
—f usi forn i 

tilT —simple 
^1 —compound 

W — stomata 

—linear 

—napiform 

'; f^1—vein 
f*f^rtftsrt>T—venation 
—algaj 

—phanerogam 
^®n—chlorophyll 




—aciciilsir 
—iiiucrouato 
^—tilaiiient 


—acute 
—c( u-dato 

• —crisped 


«rtf*|-fWl—Zoology 


—1 mil croas 
—don 11 is 
91—invertebrato 
—iiilustiiio 

—fooler 
—aiiriclo 

—abodomon 
—oiiidoriiiis 
—i in pb i bi I )US 
—vertebra 
—operculum 
—worm 
—cocoon 
—segment 
—cajiillaries 

—li fe h i story 
—body wall 
—artery 


—ventricle 
—insect 

bladder 

anus 

—gall bladder 
—(•'jinpound oye 
iTt:^—alimonLiiry 

—dorsal pore 
i2rf%—animal 

—gill 

gill slil‘< 

—thorax 
—air lube 
—kidney 

—rectum 
—buccal cavil y 
(?npif9—vcrtel>rato 

—circul ator 
sy 



—metatiiorphosis 
—excretory system 
—vertebral column 
■ft?rl—vein 
—antenna 


I —larva 

j 

I C*tt^*l—absorption 
i —^ 1 ‘espiration 

i W.—stigmata 5 spiracle 

‘ —hexapod 


—Physiology 


—pancreas 
—i)lialanges 
'Sff^f^^l—epiglottis 
—i n vohint ar y 
'Sf^'tCl—afferent 

"SURtf^ —cr‘S( >1 ) h agi I s 
^—intestine 

—aoinilunar 

valve 

cardiac end 

—stomach 
^—fundus 
^—gastric juice 
—u V uhi 
— voluntary 

^—epithelial 

tissue 


^—succus entericus 
S^»n—i n 1 pulse 
fesni —abdominal 

cavity 

—epidermis 
^2 WPP—sternum 
—thigli 

: —vena cava 

1 

I superior 

I WiTf%—clavicle 

; —valve 

; —nietacarpals 

^ —vertebra 

I —capillary 

' —vitamin 

■ Iffir skull 

i gullet 

I 

■ Fir*l-Wf%—tarsal 



|/o 


dermis 
—motor 
^s^rl—sluiiik 

—reproducti vo 

orj»an 

—enzyme 
—tissue 

—cartilage 
■••fg—hard palate 

—soft palate 

fWWl bicuspid 

valve 

—artery 
•T^l—nails 
—duct 

iJprr^H—nares 

pyloric end 

% '-T^fnin—vena rava 

inferior 

—metatarsal 
rib 

—anus 

—musculai tissue 
cStC^Ftt—lower arm 
—upper arm 


fein—reflex action 
—spleen 

—pulmonary 
—tendon 

—iwlvic region 
efferent 

—thoracic cavity 
—nervous ti-isiie 
si^tW—brain 

—carpals 

iTJjjSgJfl—diapln-agm 
.lorta 
face 

—buccal cavity 
^3 —ui'imiry bladd(‘r 

— vertebral cidumn 
—sj)iiijd cord 
W-<—liver 

—l)lood vessels 
—soriim 
—jjhisiiia 

C^\fsrz red blood- 

C(U piisclos 

:rae!u?a 

—white hlood- 

corpusclos 



—sensory 

—connective 


—hand 

—duodenum 
tissue C*I1^^N3—villus 


— Physics 

—ultra-violet 


—i nsul ator 

—non-conductor 
—i nl'ra-red 
—inipoiietrahility 

-(JplKjUO 

specific 

gravity 

light 

etlier 

*3fi^—trsmsluceiit 
—temperature 
\8WH—weight 
—period 
-Mask 

-capillary 

attraction 
•?«!—cainllary tube 
C^3j5i —soft iron 


—kinetic energy 
indigo 

^*1 — friction 

—frictional elcctncity 
—current electricity 

\—barometer 

—pressure 
^3^—magnet 
^*5'5l—inert'.a 
valve 

—electricity 

—electric cell 
<2Rt^—electric current 
53 ^—electro magnet 
— heat 

^^RIjU— thermometer 
—compass 



—penduliiiM ^ 

bob I 

\ 

f 

srf^W—orange 

—inertia 
•Tl^I—bluo 

—nuitter 
—1 uinp 

—convection 
—coinpliineiitary 
—conduction 
—conductor 
^"s—yellow 

—rctlection 

coMiponsalioij i)onduliini 
—refraction 
fisi^ST—prism 

—buoyancy 
bulb 

—radiation 
—l)otential 
<2lC«*f—potential 

dittcrencc 
—di visibilit y 


—absorpl ion 
—aiiiplitudo 
—ext cnsion 
(Tl'-'lft—violet 

—inirago 

31t*fTt ^4*1'—gravitation 
—pole 
ray 

(3[t^—resistance 
fflFT—red 

bydromeier 

—energy 

■>lf55r^o1—i>orosil y 
/ 

—si I)l ion 
yellow 
—Kpai'k 
— cylinder 
—transparent 

—compi-essilnlit y 
^??7rt'4r^^—ton 11 i nal M 
—colie:;i»ni 

elasticit y 
*ff§r—potential 


cnci 



^ —amorpliou s 

—unsatii rated 
—fcei» ))orary 
—volatile 

—ingredients 
f —s u hi i in at i o n 

—condenser 
—1 lardness 

—Inird water 
—crystalli ne 
—soft water ^ 

—distillation 
—tiltration 
■^1>T1—pumice 
—zinc 

tfi^—combustion 

—axis 
—Canopus 

—photosphere 
^ 5 rf^;^STi—Aquila 
'Sft'gi—Betelgeux 


-Chemistry 

—solution 
—solute 
—solvent 
—burner 

v|i%2rK«|—til trat i on 
5 T 5 T—test tube 

—distillation 
—saturated 

—natural water 
—aerated water 
fsfSt*!—mixture 

—element 
—conquiuud 
—hydrochloric acid 
^Wt?l—gMseous 
—permanent 

Astronomy 

—Denebola 
—Alpheratiz 
—meteor 
■*11^^—season 
—orbit 



Yir«c) 

lFtf%—Runmiev kV)lstico 
—Cjmcer 
—Belial rix 
—Orion 
—A<j Uiiri us 

)—(>inis 

Major 

)—Canis 

Minor 

'f'f —Pleiades 

'4Ttb—Castor 

"5 —ee 1 1 j >l. i c 
C'dr^?—Ainenil) 

—planet 
lt^*l—eclipsf) 

—.istei-oids 
'5(5 T —as I ei*o i (1 s 

51^ —lunar year 

5I3f ^PI—lunar Juontli 
f53f1—Spica 

9^—corona 
- -milky way 
(^W [—A ntares 

—constellation 


j —Libra 

. W3i%:«i—telescope 

I 

Sni^itlarius 
5l*8|!3I—Pole stai- 
—wuiiet 
star 

^tf^—focus 

nebulae 

%tr^'^-tri^~elusfers of 

\ 

luibiil.' 

—1 *ollux 

Markal) 
-rS51~Aurif*a 
—year 

—clivomospberc 
^ i^‘I—s) lectrosco) m 
5 lfn'^r^|--Ri«el 
C-fl’Il—wiuator 
^*1—Mercury 
—Jjootes 

#5^ 'TTr*!—Scorpio 
—Taurus 
—Jujiilei* 

Capella 

31 '^^ 3 Ptf%—Winter Solstice 



“Capri cornus 
—Regnhia 
—M ars 

—Gemini 
^tPr—Pisces 
^rTR—Aries 
—Hyades 
—Little Boar 
5It^—Lyra 
—Sirius 
^S1—Hydra 

} J orcii les 


—igneous 

—volcano 
fifffl'l—shalo 
^—i i n 1 csto n o 
f STl —CM lea reo 11 s 
—borin?* 

—fossil 

—organically derived 
—metamorpbic 
—sodirneofcary 


I —cone 

—Saturn 
'®3F—Venus 
•*t^«ri—Altair 

—Great Bear 
—Pivicyon 
—Leo 

Sunsjiot 

f 

—Solar year 
{TTi^RPl—Solar month 
—Aroturus 

Geology 

^*pt%oT—bssure 
C^C«n —sandstone 

—rock 

^ll^fe—faulr. 

—eartli's crust 
—folds 

—hori zon t al 
tilted 
—vortical 

—luovoment 


'f-ft«fn- 



SYLLABUS 


1. Observation and idontilicaliMn of tlio. vvineipa.! 
constollalions, majcn- stars and jdanets tbroujiliout t bo year 
at ni.tiilt. TboSun— its dimension and distance fiom t.lie 
Eartb. Planetary system—relative positions. Solar y(*ar 
and seasons. The ^loon and its ])liases - lunar year. 
Eclipses fi( Sun and Moon. Comots and meteors. 

*2. The Earth—coridensatic'ii from a liot .gaseous 
state its crust —if^neous and sedimentary rocks. Probalde 
c<)ndiiion of the interior nf tlio Earth. I'lartli movements 
(oarLliqiiakc)--'foldini^, landslide, volcano. Varieti(‘s ol soil 
and 1 heir hearin^i on plaiiL-life and avi[ncii1tnral o)ieratioMs. 
The sf,f)ry of the formation of coal and mineral oil. 

.‘1. Structure of any c(>mmon tlovveriiiff plant, h’une- 
tions of rooi, stem, leaf, llowor and fruit. 

4. Sj)ecial characteristie of the living* loc.oijiotiou, 
resi)irat ion, nutrition, j»rov\tl), resi)onso to stijimlus, ju'opa- 
^ation and <icath ; adajvtatioTi to envirommmts. Example's 
Irom plants like rice an«l pea and animals like, eartloworm 
and fish. Life-history ol f//,) rice and po.i anrl (//) ant, hoc, 
spiiler, ino.sf|uito, butterfly and froi*. Interdepondeiico of 
planis and animals. 

o. Simple corisidera.1 ion ot the Human Eody, and its 
])rincipal systems, viz., ciiculatory, respiraten-x aial ilijiestivo 
system.s. Foods--their relative values and llioii essential 
ins'redienls. F’linctioris of the skin and nerves. 
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The three states of ruatter. Physical properties of 
air and water. Buoyancy and Archimedes’ principle. 
Pressure of atniosptiere. Effect of heat on w'ater. Effect 
of heat on air. Ventilation. Effect of heat on solid bodies. 
Pendulum Clock and Tlujrmorneter. Transference of heat. 
Simple ideas regardin;,' energy and its transformation 
with examples. Rectilineal propagation of light. Pheno¬ 
mena of retloction and refraction of light, colour and 
rainbow.' Ijodestone, magnetisation, terrestrial magnetism 
and c«)mpass. Simple Electric Cell. Conductors and 
insulators. Mfiects.of current: (a) beating and lighting, 
ih) chemical, (cj magnetic. Electro-magnet and Electric 
Bull. Telegraphy. 

7 . Separation of Mixtures—solution, filtration, crystal¬ 
lisation, distillation, suhlimalion. Rusting of iron and 
hurning of candle, niagnesiuya_ and sulphur in a closed 
volume of air over water. Air, its composition. Properties 
of Oxygen, Nitrogen and Carbon dioxicle- Water, its 
compo.sition. Properties of Hydrogen. Natural and aerated 
waters. Properties of hard and soft water, Oharactensiics 
of chemical compounds. 

Candidates will be expected to have liad a training in 
observation and in accurate and clear description, with 
reference to their practical applications and phenomena as 
observed in daily life. No detailed teclinical knowledge 
will be required. 

Questions should be distributed over different portions 
of the syllabus and slioiild be sufliciently varied and numer¬ 
ous to allow considerable option. 








